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ABSTRACT 

We present the results of a blind exercise to test the recoverability of stellar rotation 
and differential rotation in Kepler light curves. The simulated light curves lasted 1000 
days and included activity cycles, Sun-like butterfly patterns, differential rotation 
and spot evolution. The range of rotation periods, activity levels and spot lifetime 
were chosen to be representative of the Kepler data of solar like stars. Of the 1000 
simulated light curves, 770 were injected into actual quiescent Kepler light curves to 
simulate Kepler noise. The test also included five 1000-day segments of the Sun’s total 
irradiance variations at different points in the Sun’s activity cycle. 

Five teams took part in the blind exercise, plus two teams who participated after 
the content of the light curves had been released. The methods used included Lomb- 
Scargle periodograms and variants thereof, auto-correlation function, and wavelet- 
based analyses, plus spot modelling to search for differential rotation. The results 
show that the ‘overall’ period is well recovered for stars exhibiting low and moderate 
activity levels. Most teams reported values within 10% of the true value in 70% of the 
cases. There was, however, little correlation between the reported and simulated values 
of the differential rotation shear, suggesting that differential rotation studies based on 
full-disk light curves alone need to be treated with caution, at least for solar-type 
stars. 

The simulated light curves and associated parameters are available online for the 
community to test their own methods. 

Key words: methods: data analysis - techniques: photometry - surveys: Kepler - 
stars: rotation - starspots 


1 INTRODUCTION 

The rotational modulation of magnetically active regions 
on the surface of stars produces quasi-periodic variations in 
their disk-integrated apparent brightness, which have been 
used for decades to measure rotation periods for young, 
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active stars. The exquisite photometric quality and base¬ 
line of space-based telescopes such as Kepler, CoRoT and 
MOST have made it possible to do this for tens of thou¬ 
sands of moderately active field stars, many of which display 
sub-millimagnitude variations that would have been unde¬ 
tectable from the ground. The resulting, extensive rotation 
period catalogs represent an exciting opportunity to test 
and refine our understanding of stellar angular momentum 
evolution, and to develop efficient methods for estimating 
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the ages of field stars based on their rotation rate (gyro- 
chronology). Furthermore, for active stars, the presence of 
multiple and/or evolving periodicities in the light curves can 
be used to study phenomena such as differential rotation 
and active region evolution, which are important tracers of 
the dynamo mechanisms driving magnetic field generation 
in those stars. 

To make full use of this new information, however, re¬ 
quires a detailed understanding of the reliability and com¬ 
pleteness of measurements of mean and differential rotation 
rates derived from these full-disk space-based light curves. 
This paper reports on our attempts to address that prob¬ 
lem through a hare and hounds exercise, where simulated 
star-spot signals were injected into Kepler light curves of 
otherwise quiet stars, and several teams independently at¬ 
tempted to measure rotation and differential rotation rate. 


1.1 Field star rotation studies in the Kepler era 


While ground-based time-domain photometric surveys have 
yielded numerous rotation period measurements for stars 


in young clusters (see e.g. Irwin & Bouvier 2009 Bouvier 
et al.|2014 and citations therein), the limited precision and 
time-sampling achievable from the ground are typically in¬ 
sufficient to detect rotational modulation in older, less ac¬ 
tive, slowly rotating held stars. For many years, the Mount 


Wilson program (Wilson 

1978 Vaughan et al.||1981 Baliu- 

nas, Sokoloff & Soon|1996 

1, which monitored emission in the 


cores of the Ca ll H & K lines, for large numbers of Sun-like 
stars over a 20 year period, with a typical time sampling of 
one point every few days for each star, was the main source 
of rotation periods measurements for held stars. 

This changed with the advent of space-based photo¬ 
metric monitoring platforms such as MOST, CoRoT and 
Kepler, which have collectively gathered sub-mmag preci¬ 
sion photometry over periods ranging from weeks to years, 
for over two hundred thousand stars. These, and particu¬ 
larly the Kepler light curves, which have the longest base¬ 
line and highest precision, have enabled a number of large- 
scale rotation period studies for held main-sequence stars: 


Basri et al. (20111; Affer et al. 

(20121 

Nielsen et al. (20131; 

McQuillan, Aigrain & Mazeh ( 

2013a1 

McQuillan, Mazeh & 

Aigrain (2013b| 20141; Reinhold, Reiners & Basri (20131; 


Garcia et al. (20141. These studies have produced intriguing 


results, such as the existence of a bimodality in the period 
distribution for K and M stars, the sharp upper envelope of 
the period-mass relation, and the existence of a small but 
signihcant population of rapid rotators (P < 10 days). Some 
of these studies relied on the Lomb-Scargle periodogram, 
which has been widely used for rotation period measure¬ 
ments for decades, while others have introduced new meth¬ 
ods based for example on the autocorrelation function or a 
wavelet transform of the light curves. 

One of the goals of the present paper was to test the 
sensitivity and reliability of these different methodologies on 
realistic but simulated Kepler data, where the ground truth 
is known. 


1.2 Differential rotation measurements 

Going beyond measurements of the mean or overall rotation 
periods, a number of studies have also looked for, and re¬ 


ported signs of, surface differential rotation in long-baseline, 
disk integrated stellar light curves. The presence of mul¬ 
tiple, close but distinct peaks in the Fourier transform or 
periodogram, and the associated ‘beat’ patterns, which are 
often observed in the light curves of active stars, are often 
interpreted as signposts of differential rotation. 

Efforts to measure differential rotation from light curves 
can be divided into two broad classes. One class uses the 
broadening or splitting of peaks in the Fourier transform or 
periodogram of the chromospheric activity indicator mea¬ 
surements or light curve (see e.g. Baliunas et al.|1985 Don¬ 


ahue & Baliunas 1992 Reinhold, Reiners & Basri 20131. 


The other class relies on fitting a spot model to the light 
curve, where the spots may have different rotation peri- 


ods (see e.g. Strassmeier & Bopp 1992 

Croll et al. 

2006 

Lanza et al.||2009| |Gondoin et al.||2010|| 

janza. Das C 

lagasl 


& De Medeiros 20141. Once again, these differential rota¬ 


tion studies have yielded intriguing results, such as a trend 
for increased rotational shear (SP/P) for increased stellar 
effective temperature. 

The two classes of methods used have different advan¬ 
tages and disadvantages. Fourier-domain methods can be 
applied systematically for large numbers of stars, but the 
relationship between the measured peak width or separa¬ 
tion and physical quantities of interest such as the rota¬ 
tional shear is non-trivial. Spot-modelling is computation¬ 
ally intensive, and therefore restricted to smaller samples, 
but in principle it has a more direct physical interpretation. 
In practice, however, spot-modelling is highly degenerate, 
even when using only a few spots. This was recently demon¬ 


strated by Walkowicz, Basri & Valenti 120131, who identified 
degeneracies between stellar inclination and spot latitudes, 
and showed that differential rotation may be missed if the 
light curve is dominated by one large active region. 

Perhaps even more importantly, both types of approach 
suffer from a further limitation, which was not explored by 


Walkowicz, Basri & Valenti (20131: differential rotation is 


very difficult to distinguish from spot or active region evolu¬ 
tion, which can induce very similar beat patterns and broad¬ 
ened or split peaks in the periodogram, and at the very least 
is an additional source of noise when identifying and mod¬ 
elling individual peaks in the periodogram, or individual star 
spots ( Lanza, Rodono fc Zappala|1994 1 . The second goal of 
the present study was to test the reliability of differential 
rotation results reported in the recent literature for stars 
exhibiting low and moderate levels of activity, again by us¬ 
ing realistic simulations including both differential rotation 
and spot evolution. 


2 THE HARES: SIMULATING THE LIGHT 
CURVES 

This section describes the process by which the light curves 
used in the blind exercise were simulated. Note that we do 
not distinguish between ‘active regions’ and ‘spots’ in the 
simulation: each active region is effectively assumed to con¬ 
sist of a single dark spot whose area (or equivalently, con¬ 
trast) evolves over time. 


© 2014 RAS, MNRAS 000,[iHT7l 































































































Kepler rotation hare-and-hounds 3 


Table 1. Range and distributions used for the simulation parameters. 


Parameter 

Range 

Distribution 

Activity level A 

0.3 - 3x solar 

log uniform 

Activity cycle length Cien 

1-10 years 

log uniform 

Activity cycle overlap Cover 

0.1-3 years 

log uniform 

Minimum spot latitude ^min 

0 - 40° 

uniform 

Maximum spot latitude 0max 

0min - 80° 

uniform in (6»max - 6min)°'^ 

Inclination i 

0 - 90° 

uniform in sin^ i 

Equatorial rotation period Peq 

10 - 50 days (90%) 

log uniform 


1-10 days (10%) 

log uniform 

Rotational shear 5Q/Qeq 

0.1 - 1 (2/3) 

0 (1/3) 

log uniform 

Decay timescale r 

(1 - 10) X Peq 

log uniform 



Time (days) 


Time (days) 


Time (days) 


Figure 1. Example simulated light curves (left: no. 9, Peq = 23.5 days, r = 5.2 Peq, Afl/Heq = 0.33; middle: no. 31, Peq = 20.8 days, 
T = 1.1 Peq, Afl/rieq = 0.35, right: no. 12, Peq = 18.5 days, r = 1.6 Peq, A£7/Qeq = 0.56). The top panel shows the emergence times 
and latitudes of the simulated active regions; the symbol size scales as the peak magnetic flux density. In the middle panel, the red dots 
show the simulated, noise-free photometric signal, the blue points the Kepler PDC-MAP light curve the signal was injected into. The 
bottom panel shows the final, noisy light curve included in the blind exercise sample. The first two light curves have similar equatorial 
rotation periods and differential rotation shears, but the second has more rapid spot evolution. The third has both rapid spot evolution 
and very strong differential rotation, which appears as a random rather than butterfly-like spot distribution. 


2.1 The spot emergence model 

The first task in simulating the light curves is to compute the 
time-dependent distribution of spots on the stellar surface. 
On the Sun, the rate and latitude of emergence of sunspots 
varies over an eleven year cycle, giving rise to what is known 
as the ‘butterfly pattern’ first discovered by (Maunder|1904 


19221 (for a recent overview of the Solar cycle, see Hathaway 
2010). At the beginning of the cycle, spots emerge at 0±35°. 
As the cycle progresses, the spots begin to emerge closer 
to the equator. During that time, the rate at which spots 
emerge first rises gradually, then decays again. After eleven 
years, the cycle repeats. The nature of this cycle is believed 
to be intrinsically linked to the solar dynamo (Berdyugina 


2005). 


Very little is known about the distribution and evolu¬ 
tion of spots on stars other than the Sun. Doppler imaging, 
and Zeeman-Doppler imaging have revealed that, on rapidly 
rotating stars, star spots are not restricted to two distinct 
latitude bands. Instead, these stars appear to host spots at 


all latitudes on the stellar disc (Donati, Collier Cameron 
|fc Petit] |2003[ ). Indeed, observations of the rapid-rotator 
AB Doradus over many years appear to show no pattern 
to the distribution of star spots. Rather, the observations 
show magnetic activity at all latitudes in all the observations 


( Collier Cameron, Donati fc Semel||2002 Jeffers, Donati & 
Collier Cameron|2007 ). 


The latitude distribution of star spots and its evolu¬ 
tion over the star’s activity cycle has a direct influence on 
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the disk-integrated brightness fluctuations, and hence on the 
extent to which information about rotation and differential 
rotation can be recovered from the light curves. We there¬ 
fore took care to incorporate a wide variety of butterfly-like 
patterns in the simulated light curves, as well as some cases 
with no explicit relationship between spot latitude and the 
phase of the activity cycle. Our starting point was the code 
developed by Llama et al. (12012 1, itself derived from the 


2.2 Simulating the photometric signal 


work of Mackay et al. 1 2004[). This code, initially designed 


to simulate the emergence of magnetic flux on the surface 
of the Sun, allows for the creation of butterfly patterns of 
varying activity levels, cycle lengths, and distribution pat¬ 


terns. It was already used by Llama et al. (20121 to simulate 


star spot distribution patterns in the context of Kepler light 
curves, specifically light curves containing planetary tran¬ 
sits. Their goal was to investigate whether stellar butterfly 
patterns could be revealed by looking for phase changes in 
the appearance of bumps in transit light curves of stars host¬ 
ing a planet in a misaligned orbit. 

The names, ranges and distributions of the input pa¬ 
rameters of the starspot generator are listed in the first five 
rows of Table They are: the star’s overall activity level 
A, relative to that of the Sun; the duration of the activity 
cycle, Cien, in years; the amount of overlap between consec¬ 
utive activity cycles Cover, in years; and the minimum and 
maximum spot latitudes, 0min and Smax. For each simulated 
star, the model generates a list of spot emergence times, tk, 
longitudes 4>k and latitudes 6k,o, as well as peak magnetic 
flux density (in Gauss) at the centre of each spot. 

The activity rate, A, controls the overall rate of starspot 
and magnetic flux emergence relative to the Sun: a value 
of A = 1 leads to a total number of spots and flux emer¬ 
gence, integrated over a 27 day period, similar to what is 
observed on the Sun. The individual parameter values used 
for each simulation are listed in Table and the top panel 
of Figure shows three examples of the resulting butterfly 
patterns. 

In most cases, we simulate a butterfly pattern by al¬ 
lowing the latitude at which the spots emerge to decrease 
monotonically from 6max to 6min over the duration of the 
cycle in two latitude bands (one in the Northern and one in 
the Southern hemisphere), as illustrated in the top panel of 
Figurej^ At a given time t in the simulation, the activity cy¬ 
cle phase is given by <E> = t mod Cien, where $ G [0,1]. The 
spot emergence latitude as a function of phase is then given 
by 0('I>) = Smax — (^max “ ^min)$. We also assume a latitude 
scatter in the spot emergence to match the observed Solar 
butterfly pattern ( Hathaway||2010 1. The spots are assumed 
to emerge at random longitudes, and the number of spots 
per unit time is defined to be inversely proportional to the 
square of the spot size ( Schrijver fc Harvey|1994 1. For 20% 
of the cases, however, the spots were simulated to emerge 
randomly between Smax and 0min. This is denoted by a 1 
(rather than a 0) in the column R in Table 

At the start of each simulation there are no spots on the 
stellar surface. To allow the simulation to reach a realistic 
‘steady state’, the butterfly patterns were simulated starting 
N days before the start of the actual simulated light curves, 
where N was a uniform random number between 200 and 
400 days. 


After using the model described in Section [2.1| to generate 
star spot emergence and distribution patterns, the next step 
is to simulate the photometric signal of the spots on the ro¬ 
tating stellar surface. The names, ranges and distributions 
of the parameters controlling the light curve simulations are 
listed in the remaining rows of Table and their individ¬ 
ual values for each simulation in the remaining columns of 
Table while the remaining panels of Figure illustrate 
the process. The parameter ranges and distributions were 
chosen to be as realistic as possible while also covering (and 
hopefully slightly exceeding) the range of detectable signals. 

Each star was randomly assigned an inclination i (de¬ 
fined as the angle between the stellar equator and the line 
of sight) and an equatorial rotation period Pgq. The inclina¬ 
tions were drawn from a uniform distribution in sin^ i. This 
means that the simulated stars have a tendency to be seen 
closer to equator on, though all orientations are possible. For 
90% of the light curves, Peq was drawn from a log uniform 
distribution between 10 and 50 days, while for the remainder 
it was drawn from a log uniform distribution between 1 and 
10 days. This reproduces approximately the distribution of 
periods measured for Kepler F, G and K main sequence stars 
by|Reinhold, Reiners fc Basri| ( |2013| ; |McQuillan, Mazeh fc| 
Aigrain (20141. 


We then implemented Sun-like differential rotation by 
setting the rotation rate of each spot to: 


O.{0k) = fie 


5Q . 2/e / 
1 - ^ sm (fcife) 

J “eq 


( 1 ) 


where fleq = 27r/Peq. Two thirds of the light curves were 
given fairly strong differential rotation (dfl/fl drawn from 
a log uniform distribution between 0.1 and 1) while the re¬ 
maining third had no differential rotation. 

We simulate the photometric signature of each spot us¬ 
ing the very simple analytical model of [Aigrain, Pont .£| 
Zucker (20121. The instantaneous relative flux drop caused 
by a single spot emerging at latitude 9k and longitude 
is given by: 


SFkit) = fk{t) MAX{cos^4t),0}, 


( 2 ) 


where I3k{t) is the angle between the spot normal and the 
line-of-sight: 


cos fik (t) = cos (pk(t) cos 9k cos i + sin 9k sin i, 


(3) 


(j>k{t) = 27r(t — tk)/P{9k) + 4>^k'' ^ i® til® ilioP 

that the spot would cause if located at the centre of the 
stellar disk. 

In physical terms, fk depends on the spot size, shape 
and contrast relative to the ‘clear’ photosphere. However, 
in the present study, we set fk directly, using the following 
expression to allow for spot evolution: 


fkit) = 


exp [{t - tk)] l{2Te, 
exp [{tk - t)] /(2t) 


for t <tk, and 
for t ^ tk- 


(4) 


where 


/; 


(max) _ 


= 3 - 10" 




(5) 


(the constant of proportionality was chosen to give rise to 
approximately Sun-like levels of variability for A = 1), r is 
the spot lifetime, which we assume to be the same for all 
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Table 2. Parameters of the simulated light curves (full version available online in machine-readable form). For a description of the last 
3 columns, see Section|4.1| 


N 

A 

n 

C*len 

(yr) 

C*over 

(y) 

^min 

r) 

^max 

(°) 

R 

C) 

sin 2 

Peq 

(day) 

S j 

”^dec 

(Peq) 

KID 

n 

-^obs 

(day) 

-^obs,min 

(day) 

-^obs,max 

(day) 

1 

0.39 

1.12 

0.27 

13 

76 

0 

0.19 

1.10 

0.46 

8.2 

893468 

1.51 

1.26 

1.77 

2 

0.45 

9.52 

0.19 

20 

63 

0 

0.99 

1.58 

0.40 

7.3 

1163449 

1.87 

1.75 

2.02 

3 

1.34 

1.54 

1.53 

33 

74 

0 

0.34 

17.04 

0.00 

1.02 

1431091 

17.04 

17.04 

17.04 


Notes: (“) A is relative to solar; (*”) If R is 0, spots follow a butterfly pattern, otherwise they are randomly distributed in latitude; A 
KID of 0 means that the noise-free light curve was used, while the entry ‘Sun’ in this column means that the light curve is based on a 
segment of the Sun’s observed total irradiance variations (see Section|2.4|for details). 


spots on a given star, and Tem was set to either r/5 or 2 
days, whichever was the longer. This two-sided behaviour 
was chosen to mimic the rapid growth and slower decay of 
spots observed on the Sun, while avoiding discontinuities in 
the light curves. A wide range of spot and/or active region 
lifetimes have been observed on the Sun and on other stars, 
ranging from a few days for the shortest-lived solar active 


regions to years for particularly active stars (Bradshaw & 
Hartigan|2014 1. After some experimentation, we found that 


drawing r from a log uniform distribution between 1 and 10 
Peq gave rise to light curve morphologies broadly similar to 
those observed by CoRoT and Kepler. 

Finally, the total observed flux for the star is simply 



( 6 ) 


where Fq is the flux that would be observed in the absence 
of any spots. We simulated 1000 light curves in this manner, 
each lasting 1000 days with a cadence of 0.5 hours (approxi¬ 
mately equal to the Kepler long-cadence interval). It is wor¬ 
thy of note that in our simulations the absolute continuum 
level is known and is used to normalise the entire light curve. 
In reality, the absolute continuum in Kepler light curves is 
unknown. Since our simulated light curves have been consis¬ 
tently normalised, short stellar cycles could potentially be 
confused with rotation periods which may not be detected 
in real Kepler photometry. Three examples of the resulting 
light curves are shown in the middle panel of Figure 

The simplified formalism we have adopted treats spots 
as point-like, ignoring the effects of spot shape, differen¬ 
tial projection effects within the spot area, and overlapping 
spots. Limb-darkening is also ignored. These approximations 
could be problematic if one were trying to infer individual 
spot properties but not for the present study, where the main 
quantity of interest is the rotation period P. Another im¬ 
portant advantage over a more physically realistic but more 
complex approach is computational speed: it takes only a 
few seconds to generate each simulated light curve. Finally, 
we note that our light curves are principally representative 
of stars exhibiting solar like activity. From the full Kepler 
data set it is clear that a signihcant fraction of stars ex¬ 
hibit long-lived active regions that remain for many stellar 
rotations. Our simulated light curves do not reproduce such 
persistent spot patterns and so the findings reported in this 
exercise should not be extrapolated to such stars. 


2.3 Injection into PDC-MAP light curves 


In order to reproduce the noise properties of the Kepler 
data, the signals as described in Section |2.2| were injected 
into actual Kepler light curves of quiet main-sequence stars. 
These were randomly selected from a sample of 7788 dwarf 
F, G, K, and M stars in which [McQuillan, Mazeh fc Aigrain| 
(20141 found no evidence of any periodic variability. Three 


such examples are shown in the middle panel of Figure 
(blue line), with the resulting, combined light curve shown 
in the bottom panel. Of the 1000 simulated light curves, 
noise was added in this manner to the first 770. The re¬ 
maining 230 were kept noise-free, in order to enable us to 
distinguish between the effects of noise and instrumental 
systematics, and more fundamental limitations of rotation 
period recovery in stellar light curves. 

The approach adopted here does not reproduce the im¬ 
pact of the Kepler systematics removal process on stellar 
signals. The PDC-MAP pipeline used to remove systemat¬ 
ics in Kepler data does affect astrophysical signals, albeit 
at a moderate level for timescales significantly shorter than 
a Kepler quarter. The PDC-MAP retains signals with pe¬ 
riods less than 3 days, whilst periods longer than 20 days 
are likely removed by the pipeline or distributed to other 
frequencies ( Thompson, Christiansen &: Jenkins]2013 1. Ide¬ 
ally, we would inject the simulated signals into the Kepler 
light curves before running them through the PDC-MAP 
pipeline, but this was not an option since the pipeline is not 
publicly available. 


2.4 Solar test cases 


To test the ability of the participating teams to recover 
the Sun’s rotation period and differential rotation sig¬ 
nal, we also included in the blind exercise set five light 
curves based on the composite total solar irradiance (TSI) 
time series (Frohlich & Lean 1998 Frohlich 2000| 20061, 
taken during the last solar cycle, and thus based on data 
from the VIRGO instrument on the SOHO spacecraft. 
The data were downloaded from the PMOD/WRC website 
(http://www.pmodwrc.ch/), and rebinned to the same ca¬ 
dence as the simulated light curves described in Section [2.2| 
We then selected five 1000-day long segments spanning the 
rising phase, maximum, decaying phase and subsequent min¬ 
imum of the last complete Solar activity cycle, as illustrated 
in Figure 
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Days from 1993 September 08 

Figure 2. Segments of total solar irradiance variations used to 
generate the last five light curves included in the set. 




Figure 3. Example multi-component sinusoidal fits obtained by 
the Gottingen/Reinhold team for light curve 9 (see text for de¬ 
tails). The top panel shows the results for the full light curve, and 
the bottom panel for a randomly selected 90-day segment. The 
data are shown in blue and the fits in red. 


3 THE HOUNDS: MEASURING ROTATION 
AND DIFFERENTIAL ROTATION 

3.1 The Gottingen / Reinhold team 

This team analysed the light curves using the Lomb-Scargle 
(LS) periodogram of the full (1000-day) light curves, in a 
standard pre-whitening approach as described in |Reinhold,| 
[Reiners fc Basri] ( |2013| ) . This approach consists of locating 
the most significant peak in the LS periodogram, subtracting 
the best-fit sinusoid with that period from the data, comput¬ 
ing the LS periodogram of the residuals, and repeating the 
process 5 times. Once the five periods have been identified, 
a global sine fit is performed according to 

5 2 

yfit = ^ afc sin ^ ^ t + c, (7) 

fc=i ^ 


where c is a global offset, and Pk, and 4>k are the period, 
the amplitude and phases of the fc**' component. The best 
parameters were found using x^-minimisation, resulting in 
five refined period values for each light curve. The procedure 
is illustrated for an example light curve in Figure 

The LS periodograms were computed over the period 
range 0.5 to 100 days, and the first period. Pi, was selected 
within this range. To minimise the number of cases where 
only the first harmonic of the true rotation period was de¬ 
tected, Pi was compared to the remaining periods by 
computing |2Pi — Pfc|/2Pi. If this quantity was < 0.05, the 
highest-peak period Pk satisfying this relation, which is most 
likely to be the true rotation period, was chosen as the main 
reported period. 

The presence of a second period P 2 adjacent to Pi is 
indicative of either differential rotation, spot evolution, or a 
combination of both effects. If there was a period P 2 satis¬ 
fying the relation 

0.01 sj |Pi-P 2 I/P 1 s; 0.30 (8) 

this period was also reported, in order to test whether the 
interval between Pi and P 2 could be used as a measure of 
differential rotation. If any P 3 , P 4 and P 5 also satisfied this 
criterion, the largest and smallest of these were reported as 
Pmin and Pmax- 

The analysis described above was also applied to a ran¬ 
domly selected 90-day window from each light curve, this 
time searching for periods up to 45 days to account for the 
much shorter time span. After visual inspection of the light 
curves, periodograms and periods returned by the two ap¬ 
proaches (full light curve versus 90-day segment), the peri¬ 
ods extracted from the full light curve analysis were deemed 
to be more reliable in most cases (> 90%). The only ex¬ 
ceptions were cases where the main period derived from 
the analysis of the 90-day window was less than 10 days: 
the analysis of the full light curve appeared less sensitive to 
short periods. Thus, the final reported periods Pi (and P 2 if 
measurable) were chosen from the analysis of the full light 
curve, except for these short-period cases, where the periods 
derived from the 90-day segments were reported. 

The method was applied automatically to all light 
curves, and a value was reported for all cases where the 
main period was < 100 days, leading to a total of 840 de¬ 
tections, with at least two periods reported in 545 cases. 
This detection rate is larger than in [Reinhold, Reiners &| 
where it was ~ 60%. The difference is proba¬ 
bly due to the longer period cutoff used here (100 instead of 
45-days), which enables the detection of longer periods but 
also, potentially, spurious signals caused by instrumental ef¬ 
fects or long-term spot evolution. To quantify this, 100 light 
curves were inspected visually, in order to evaluate the ex¬ 
pected false-positive rate. About 20 of the visually inspected 
light curves had detected periods without clear counterpart 
in the light curve, leading to a predicted false-positive rate 
of approximately 20 %. 


3.2 The Gottingen / Nielsen team 


This team also used the LS periodogram, but worked with 
shorter segments of data, equivalent to individual Kepler 
quarters (90 days). The analysis method was based on 
Nielsen et al. (|2013| and was identical to that study in all 
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Figure 4. Illustration of the selection criteria used by the 
Gottingen / Nielsen team. The periods measured in each quarter 
for four stars are shown in different colours, while black horizon¬ 
tal lines denote the corresponding median values (solid) and ±3 
times the median absolute deviation (dashed). Only periods lying 
between the dashed lines were retained. 


respects, apart from the number of quarters analysed. Each 
1000 -day time series was divided into 10 artificial quarters 
of roughly 90 days. The LS periodogram was computed for 
each quarter using the method described in |Frandsen et ah] 
(19951. For each quarter, the highest peak was recorded, 
provided that it was at least higher than 4 times the white 
noise level. This level was computed based on the root mean 


square (RMS) of the time series, as described in Kjeldsen & 


Bedding (19951. The LS periodogram was computed over 


the range 0.5-90 days, but cases where the period of the 
highest peak was > 45 days were discarded, in an effort to 
minimize spurious detections from uncorrected instrumental 
variability or other sources of red noise. 

For each star, the median absolute deviation of the pe¬ 
riods measured from each quarter was then computed. Any 
star exhibiting a median absolute deviation above 1 day was 
discarded. This ensures that only stars with long lived vari¬ 
ability are accepted, thus increasing the likelihood that the 
reported periods are real. This procedure is illustrated in 
Figure]^ The remaining stars were required to show at least 
7 periods within 3 median absolute deviations of the median. 
We note that, if differential rotation is present, this would 
select only light curves where the signal was dominated by 
spots located at a specific latitude (or rotating at a specific 
rate) over most of the time span of the data. For stars that 
satisfy the above criteria, the median of the detected periods 
was reported as the final period, and the median absolute 
deviation as an estimate of the uncertainty on that period. 
This resulted in 158 detections, a somewhat larger detection 
rate than in Nielsen et al. (20131, but the latter searched the 
entire Kepler sample, which included early-type, giant, and 
old stars, all of which are not expected to lead to period 
detections. 

An attempt was also made to use the measured periods 
to estimate the differential rotation, if present. (This part 
of the analysis method was not included in previously pub¬ 
lished work). For the stars satisfying the selection criteria 



Figure 5. Autocorrelation function of light curve 9, as computed 
by the Imperial team, with the period ranges reported by the Tel 
Aviv and Imperial teams shown by the vertical red and blue lines, 
respectively. The vertical black lines show the ‘true’ period range, 
computed as described in Section |4.1| 


described above, a linear trend was fit to the measured pe¬ 
riods versus quarter number. However, in almost all cases, 
no significant trend was found: the linear fit did not signifi¬ 
cantly reduce the scatter in the measured periods. Therefore, 
only the median period and uncertainty were reported. 


3.3 The Tel Aviv team 


This team analysed the light curves using the autocorrela¬ 


tion function (ACF) method first introduced by McQuillan, 
|Aigrain &: Mazeh| ( |2013a[ ) . The ACF is essentially a measure 
of the degree of self-similarity of the light curve at different 
time intervals, or lags. Periodic or quasi-periodic signals with 
period P in the light curve give rise to an oscillating ACF 
with regularly spaced peaks at lags P, 2P, ..., modulated 
by a decaying envelope resulting from correlated noise, spot 
evolution and/or differential rotation. 

The light curve pre-processing and implementation of 
the ACF method used in this exercise were identical to that 
applied to the full Kepler sample, as described in |McQuil-| 


Ian, Mazeh & Aigrain (20141, except that a) a pre-processing 


step was implemented to remove very long-term variations, 
and b) no attempt was made to select reliable periods, man¬ 
ually or automatically. 

The simulated light curves contain very long-term varia¬ 
tions caused by changes in overall spot coverage. These were 
not present in the Kepler light curves analysed in|McQuillan,| 


Mazeh & Aigrain (20141, because the PDC-MAP processing 


removes them. It was necessary to remove them here, as they 
would otherwise disrupt the identification of the rotation pe¬ 
riod from the ACF. The light curve was smoothed using a 
non-linear filter ( Aigrain fc Irwin|2004 |, consisting of a me¬ 
dian filter followed by a boxcar filter, with 5000 and 2500- 
point windows respectively. The resulting smoothed light 
curve was subtracted from the original, before computing 
the ACF. The reported period and associated uncertainty 
were then measured by identifying up to 4 regularly spaced 
peaks in the ACF, and fitting a straight line to peak lag 
versus peak number. Figure shows the ACF and period 
range obtained for light curve 9. 

In previous studies using the ACF, reliable periods were 
selected either visually (McQuillan, Aigrain fc Mazeh]2013a 
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McQuillan, Mazeh fc Aigrain|2013b I or automatically using 


a criterion based on the relative height of the first ACF peak, 


stellar effective temperature and detected period ( McQuil¬ 
lan, Mazeh fc Aigrain|20T4 1. The latter could not be applied 


here, since effective temperatures were not available. As se¬ 
lection based on visual inspection would have run the risk 
of introducing human bias into the results of the exercise, 
no selection was done and a period was reported for every 
light curve. 


3.4 The Imperial team 


This team also used the ACF, but with a slightly different 
implementation. In particular the pre-processing of the light 
curves was as follows. First, a Savitzky-Golay filter (Sav- 
itzky fc Golay|19M \ with third order polynomials over three 
month sections of the light curve was applied to smooth long 
term variability whilst preserving the underlying signal. The 
light curves were then normalised by dividing them by their 
median and subtracting unity. Any gaps were linearly inter¬ 
polated across and Gaussian noise added. Finally, a median 
filter of width 11 time steps (equivalent to 5.5 hours) was 
applied, followed by a boxcar filter, also of width 11 time 
steps, to smooth out the high-frequency variability. 

The ACF of the resulting light curves was then com¬ 
puted. Peaks in the ACF were deemed significant if higher 
than 0.15. If no peaks above this value were present, no pe¬ 
riod was reported for that light curve. In most cases, the 
first peak was taken to correspond to the rotation period. 
However, when the second peak was higher than both the 
first and the third peaks, the second peak was selected as the 
primary peak. Any primary peaks corresponding to a rota¬ 
tion period of less than two days were excluded, as these are 
particularly strongly affected by correlated noise in the light 
curve, and their locations are thus uncertain. Primary peaks 
beyond 50 days were also excluded, as signals longer than 
this would be removed by the PDC-MAP pipeline in Ke¬ 
pler data, and any remaining signal beyond 50 days would 
typically be due to instrumental effects. This resulted in de¬ 
tections for 970 of the 1005 simulated light curves. 

Once the primary peak was identified, up to four subse¬ 
quent peaks within 10% of integer multiples of the primary 
one were also identified. A rough estimate of the uncertainty 
on the lag of each peak was estimated by measuring the full 
width at half-maximum (FWHM) of each of the selected 
peaks, the uncertainty on the lag of each peak was then 
taken as FWHM/(2\/2In2). A straight line was then fit to 
peak lag versus peak number, and the slope of the fit and 
the resulting uncertainty were adopted as the period and pe¬ 
riod error, respectively. Figure shows the AGF and period 
range obtained for light curve 9. 


3.5 The Natal team 

This team used a combination of periodogram, AGF and 
spot modelling to analyse the light curves, following the 
procedure described in |Lanza, Das Ghagas fc De Medeiros| 
(20141. As this process involves a number of manual steps, 
and the spot modelling is computationally expensive, only 
the last 500 light curves (from no. 506 onwards) were anal¬ 
ysed by this team. 



Figure 6. Illustration of the two-spot modelling carried out by 
the Natal team. This shows, for light curve 506, the segment show¬ 
ing the strongest evidence for differential rotation. The data are 
shown by the open lozenges, the best-fit obtained with differential 
rotation by the dotted line, and the best fit obtained with rigid 
rotation by the solid line. The minimum and maximum periods 
reported by the Natal team for this light curve were 10.77 and 
11.62 days, respectively, while the ‘true observable’ minimum and 
maximum periods, as defined in Section |4.1| were 10.62 and 11. 
39 days. 


First, the light curves were detrended following the 
method adopted by |De Medeiros et al.| ( [^13[ ). This involves 
identifying discontinuities using a simple algorithm, and re¬ 
moving long-term trends by fitting a third-order polynomial 
to each quarter, similar to the recipe of |Basri et al.| ( |2011[ ). 
When applied to raw Kepler data, this procedure gives re¬ 
sults that are fairly similar to those obtained by subtract¬ 
ing a linear combination of the PDG-MAP co-trending basis 
vectors from the raw data. 


Next, a generalised Lomb-Scargle periodogram (Zech 
meister fc Kurster|2009 1 was computed for each light curve. 


The highest peak of the periodogram was used as a prelim¬ 
inary estimate of the star’s rotation period (with no addi¬ 
tional selection criteria), as an input to the spot modelling. 

The next step used the AGF to identify the light curves 
with the most stable rotational signal, which are the best 
candidates to estimate the mean rotation period as well as 
differential rotation. Working with a small sample of ac¬ 
tive stars observed by CoRoT, MOST and Kepler, [Lanza, | 


Das Ghagas & De Medeiros (20141 were able to measure 


what they interpreted as a differential rotation signal when 
the relative height of the first peak in the AGF was around 
0.6-0.7. The present hare-and-hounds exercise represents a 
unique opportunity to test this conclusion. Thus, the spot 
modelling was also applied to cases where the first AGF peak 
was lower than this value (down to 0.5). However, owing to 
time limitations, it was only applied to 303 of the possible 
500 light curves. 

The remaining 303 light curves were fit using a two-spot 
model, as described in detail in [Lanza, Das Ghagas fc D^ 


Medeiros (20141. To allow for spot evolution, the time series 


were cut into segments of equal duration T, during which 
spots can be considered to remain stable. Each segment is 
then fit with a two-spot model. The angular rotation rate of 
the two spots were initially set to the value given by the peri¬ 
odogram analysis mentioned above, but were allowed to vary 
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independently within ±15% of this value. The inclination of 
the star was initially fixed to 60°, as it is very degenerate. 
The spot model was fit using mpfit, an idl implementation 
of the Levenberg-Marquart algorithm for non-linear least 
squares, which allows for some or all of the parameters to 
be constrained within certain bounds. As this is a local op- 
timiser, the choice of initial parameters can strongly affect 
the results, and not all segments result in acceptable fits, 
even for short T. Starting with T equal to the light curve 
duration, shorter and shorter intervals were considered (by 
gradually increasing the total integer number of intervals) 
until the fit became acceptable (see below). 

The segments were then fit again with a 2-spot model 
without differential rotation, i.e. forcing the two spots to 
share the same rotation period. The initial period of both 
spots was set to that of the first spot as derived from the 
differential rotation fit (and all the other parameters’ initial 
values were also taken from the differential rotation fit). For 
each segment, the relative improvement in the fit between 
the differential and solid rotation models was computed us¬ 
ing the Bayesian Information Criterion (BIC). Any segment 
where A BIC > 2 in favour of the differential rotation model 
were visually examined, and the team manually selected the 
segment that showed the clearest evidence for differential ro¬ 
tation, using it to report the final minimum and maximum 
periods. For each light curve, this visual examination was 
done for a range of segment durations T, and the accept¬ 
ability of the fit was evaluated at the same time. Typical 
values for the final segment duration are of the order of 1.5 
to 2 rotation periods. 

As there is a strong degeneracy between stellar incli¬ 
nation and several of the spot parameters (mainly latitude 
and size), the inclination was not explicitly varied in the fits. 
Instead, it was initially fixed at 60°. If no acceptable fit was 
found with this inclination, progressively lower values were 
tried (in steps of 5°), until an acceptable fit was obtained. 

Finally, for the two cases deemed to show the strongest 
evidence for differential rotation (light curves 506 and 513), 
a Markov Chain Monte Carlo (MCMC) analysis was used 
to obtain posterior distribution over the spot parameters. 

3.6 Non-blind teams 

Two more teams took part in the exercise after the content 
of the simulations had been made public. These teams did 
analyse the light curves blindly, in the sense that they did 
not check the content of individual light curves. Nonethe¬ 
less, they had access to considerably more information about 
the range and distribution of the simulated parameters, and 
also had benefited from the prior experience of the other 
teams, whose results were discussed before these two addi¬ 
tional teams took part. 


3.6.1 The CEA team 


This team used the ACF, an analysis based on a wavelet 
decomposition of the light curves, and the product of the 
two. The three results thus obtained are then compared to 
ascertain that the detected period is not method-dependent. 
This analysis is very similar to the one used by [Garcia et al.| 
(20141, and identical to Cellier et al. (in prep.), and is illus¬ 
trated in Figure]^ for one example light curve. 


The pre-processing of the light curves used in this ex¬ 
ercise is based on a simplified version of the tools developed 
to treat the Kepler simple aperture photometry light curves 
(Garcia et al. 2011). In particular, the light curves were 
smoothed by convolving them with a 5000-point (~ 100 
days) triangular kernel. As the signals were injected into 
the PDC-MAP rather than raw light curves, no jump cor¬ 
rection or quarter-by-quarter detrending was applied. The 
light curves were then rebinned by a factor of 4 to speed up 
the analysis. 

Their analysis then consisted of three parts. Firstly, 
the Morlet wavelet decomposition of the light curve is com¬ 
puted, yielding a time-frequency spectrum. This decompo¬ 
sition is then projected onto the period axis to obtain the 
Global Wavelet Power Spectrum (GWPS), which is similar 
to a Fourier power spectrum but with degraded resolution. 
As shown by Mathur et al. ( |Ml0t , the GPWS is less sus¬ 
ceptible to detecting harmonics of the true rotation period 
compared to a standard periodogram. Moreover, the time- 
frequency spectrum can be used to check if the periodic sig¬ 
nal is present throughout the light curve, or is caused by a 
localised data artefact. The maiu peaks of the GWPS are 
then fitted with Gaussian functions and the period corre¬ 
sponding to the highest peak is stored as Brot.GPWs- The 
half-width at half-maximum of the fitted Gaussian is taken 
as the uncertainty on this period, this also takes into account 
any possible contribution from differential rotation. 

Secondly, the ACF of the light curve is computed 
and smoothed. The smoothing length is determined by the 
strongest peak in the periodogram of the ACF. Then the 
period corresponding to the first ACF peak is stored as 
Prot, ACF. Following McQuillan, Aigrain & Mazeh (2013al, 
the team checked for repeated peaks in the ACF and regular 
patterns in the light curves to ensure that the detection is 
genuine. As it is difficult to calculate uncertainties from the 
ACF, they did not give an error on this period. The pri¬ 
mary goal of computing the ACF period was to validate the 
GPWS period detection. 

Finally, a composite periodogram was obtained by mul¬ 
tiplying the ACF with the GWPS. This is done to boost 
the peaks that are present in both the ACF and the GWPS 
and to reduce the amplitude of the peaks that only appear 
in only one of the two methodologies. They call the result 
the Composite Spectrum (CS). As for the GWPS, the main 
peaks of this CS are fitted with Gaussian functions and 
the period corresponding to the highest peak is returned 
as Prot.cs, while the uncertainty is given by the half-width 
at half-maximum. 

For each light curve, the three periods, Prot.GWPS, 
Prot,ACF, and Prot.cs were then compared. If the periods 
were consistent to within 10% of each other, the detection 
was considered confirmed. The final rotation period was then 
taken to be Prot.GWPS with the associated uncertainty. This 
last, automatic validation step is the main difference be¬ 
tween the present analysis and the approach used in|Garcia| 


et al. (2014), which used a much more time-consuming, sys¬ 


tematic visual check. 


3.6.2 The Seattle team 

The Seattle team used a similar approach to the period 
finding as the Gottingen/Reinhold team, based on the nor- 
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Figure 7. Example graphical output produced by the CEA team for light curve 9. The top left panel shows wavelet transform of the 
detrended light curve. The top right panel shows this transform collapsed onto the period axis, while the middle and bottom panel show 
the light curve ACF and the composite spectrum obtained by multiplying the wavelet spectrum with the ACF. In the last 3 panels, the 
thick black line shows the data, thin green lines show a fit to this composed of multiple Gaussians, and the thin purple line shows the 
smoothed version of the ACF used to identify the ACF peaks. The various periods identified from the different spectra are reported in 
the bottom right corner of the figure 


malised Lomb-Scargle Periodogram. Each light curve was 
first detrended to remove the longer time-scale variations 
and residual Kepler systematics. A boxcar smoothing algo¬ 
rithm, with a width of 3000 data points (~ 82 days) was 
applied to the light curve and the result subtracted from 
the original, before computing the LS periodogram. The LS 
periodogram was not oversampled in this analysis. 

Since a smoothing kernel of 82 days was applied, only 
periods shorter than this were considered significant. Man¬ 
ually examining the light curves led to a conservative upper 
limit of 75 days and a lower limit of 0.25 days for the range 
of allowed periods. Rather than selecting the highest ampli¬ 
tude peak in the LS power (Px) as the most likely period, 
the Seattle team used a modified criterion. The highest am¬ 
plitude peak of the quantity Rx = Pxy/v "'S-s selected, where 
Px was the normalised LS power as a function of frequency, 
and z/ the corresponding frequency. This had the effect of re¬ 
quiring peaks at longer periods (shorter frequencies) to have 
larger amplitudes. The standard deviation over all frequen¬ 
cies of Rx was also computed, and peaks were considered 
“significant” and thus reported for this exercise if they were 
above this standard deviation. 


Only a single peak was measured in this modified LS 
analysis, and no checks for alias periods were performed. Af¬ 
ter discussions with the participating (blind and non-blind) 
teams, and inspection of the simulation input parameters, 
the Seattle team did not directly measure a second period 
from the 1000-day light curves. Instead, the spread of the LS 
power about the peak was estimated, which was observable 
as multiple peaks near the primary period, or power dis¬ 
tributed over a range of periods with no distinct sub-peaks. 
The LS spread was estimated by first boxcar smoothing the 
Rx curve with a kernel of 5 frequency bins, and then least- 
squares fitting the smoothed Rx with a Gaussian function. 
The standard deviation of the Gaussian, ctrx, was reported, 
as it does correlate with the range of periods simulated via 
differential rotation for some light curves. However, non-zero 
LS spread was also observed for objects having no differen¬ 
tial rotation but with several starspots emerging at different 
longitudes (or equivalently rotation phase) throughout the 
1000 -day light curve. 
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Figure 8. Detected versus simulated periods for each team. Green, blue and red symbols correspond to ‘good’, ‘ok’, and ‘bad’ detections, 
respectively (see text for details). The larger symbols correspond to the noise-free light curves. The solid and dashed lines mark the 
1-to-l and ±10% correspondence between simulated and detected periods. The unfilled symbols correspond to stars with a cycle length 
less than three years, which may be confused with a long rotation period in the analysis performed by the teams 



Figure 9. Detected versus simulated periods for the two teams who analysed the light curves in non-blind mode. Lines and symbols are 
the same as in Figure]^ 


4 RESULTS 


we must define the ‘ground truth’ to compare the different 
team’s results to. 


In this Section, we evaluate how well the different teams 
were able to measure the ‘overall’ rotation period, as well as 
the amount of differential rotation, in each light curve. First, 
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4.1 Observable periods 

For each star, the simulations define an equatorial and a 
polar rotation period, plus a minimum and maximum spot 
latitude. Coupled with the differential rotation prescription, 
this corresponds to a minimum and maximum rotation pe¬ 
riod that could be present in the data. However, these values 
cannot necessarily be compared directly to the periods mea¬ 
sured from the light curves. If the activity cycle duration is 
significantly longer than the light curve duration, the sim¬ 
ulated spots may cover only part of the allowed latitude 
range. Furthermore, the signal will tend to be dominated by 
the largest active region, and may not be representative of 
the periods of spot population as a whole. 

To enable a more adequate comparison between the sim¬ 
ulated and measured periods, we proceed as follows. For each 
light curve, each spot was assigned a weight proportional 


to its peak effective area (see Section 2.2 1 . The ‘overall’, 
minimum and maximum periods were then defined as the 
median, 10*’’ and 90*’’ percentiles of the weighted periods. 
These values are reported in the last 3 columns of Table 


4.2 Recovery of overall rotation period 

Depending on the team and on the individual light curves, 
in some cases a single period estimate was reported along 
with an uncertainty, in others two or more period estimates, 
and in others still a period range. Where a team reported 
more than one value without explicitly identifying which 
was the dominant one, we used the mid-point of the range 
of reported periods as the ‘detected’ period. Where a sin¬ 
gle uncertainty value was reported rather than a range, we 
defined the detected range as the detected period ±1 (t. 

A period detection was considered ‘good’ if the true and 
detected period were within 10 % of each other, ‘ok’ if there 
was any overlap between the simulated and detected period 
ranges, and ‘bad’ otherwise. Figures and show, for the 
blind and non-blind teams respectively, for each team, the 
simulated versus reported periods, for the noisy and noise- 
free light curves. Table [^reports, for all the teams, the frac¬ 
tion of light curves for which a period was reported, and the 
fraction of light curves for which the reported period was 
‘good’ or ‘ok’ according to the definition above. 

Of the five teams who participated in a genuinely blind 
fashion, three (Gottingen/Reinhold, Gottingen/Nielsen, and 
Natal) identified the ‘main’ period as the highest peak in 
the Lomb-Scargle periodogram, or variants thereof, but with 
different inputs (length of light curve segment considered, 
range of periods searched) and selection criteria (coherence 
across multiple quarters, visual examination). As a result, 
the fraction of the light curves for which these teams re¬ 
port a detection varies from ~ 15% (Gottingen/Nielsen) to 
~ 80% (Gottingen/Reinhold). As one might expect, increas¬ 
ing the number of detections comes at the expense of relia¬ 
bility: between the most and the least conservative of these 
(Gottingen/Nielsen and Gottingen/Reinhold), the percent¬ 
age of ‘good’ detection drops from 100 to ~ 75. The re¬ 
maining two blind teams (Tel Aviv and Imperial) used the 
auto-correlation function (ACF) to measure the ‘overall’ pe¬ 
riod. Both report even higher detection fractions (> 95%), 
while retaining fairly good reliability (just over 70% of the 
detections were ‘good’ and close to 90% were ‘ok’). 


Overall, these results are very encouraging: for the range 
of periods and amplitudes simulated, overall rotation peri¬ 
ods can be recovered with high completeness, and high re¬ 
liability, using either the periodogram or the ACF. If one 
is interested in a fully automated method that will give re¬ 
sults for almost all light curves while retaining high reli¬ 
ability, an ACF-based method appears the most suitable. 
A periodogram-based approach can give even better results 
when the rotation signal is strong, at the expense of some 
completeness. 

We now turn to the results of the non-blind teams. The 
Seattle team falls somewhere in between the two Gottingen 
teams in terms of completeness and reliability, reporting re¬ 
sults for ~ 70% of the light curves, of which ~ 90% were 
‘good’. This is essentially a consequence of slightly different 
selection criteria. The CEA team reported periods for almost 
80% of all light curves, of which close to 90% were ‘good’. 
These represent the best combination of completeness and 
reliability among all the teams. Bearing in mind that this 
was not a completely blind analysis, it nonetheless suggests 
that a combination of wavelet and ACF analysis, together 
with dedicated pre-processing, can lead to even better re¬ 
sults. 


4-2.1 Nature of the ‘bad’ detections 

For all teams except the CEA one, ‘bad’ detections, particu¬ 
larly at the longer end of the period range searched, occur at 
approximately the same rate among both noisy and noise- 
free light curves. This implies that these bad detections are 
not predominantly caused by residual systematics in the Ke¬ 
pler PDC-MAP light curves. 

Almost all of the cases where one or more team reported 
a ‘bad’ period that was significantly longer than the ‘true’ 
value have short spot lifetimes. These are cases where the 
detected signal is not due to rotational modulation, but to 
the evolution of the star’s overall spot-coverage. Although 
this evolution is not in fact periodic, it can give rise to some 
apparently quasi-periodic signal in the light curves. 

The lower rate of this kind of bad detection among the 
CEA results may be due to the light curve pre-processing 
approach used by that team. On the issue of pre-processing, 
it is important to note that the present exercise did not 
test the full impact of the PDC-MAP processing on stellar 
rotation signals, since the signals were injected into the pro¬ 
cessed light curves. We note again, that in our simulated 
light curves the entire light curve is normalised to the ab¬ 
solute continuum which is not known for real Kepler light 
curves. This introduces an additional issue for the teams, 
who may have confused the stellar cycle with stellar rota¬ 
tion. In reality this would not be an issue when dealing with 
real Kepler data because the normalisation between quarters 
is unknown. The teams that either restricted their analysis 
to shorter periods, or those teams that fit out the longer 
variations (in effect treating our light curves more like real 
Kepler data) performed better than those teams who did 
not. The unfilled circles in Figures]^ andshow those stars 
with a stellar cycle length less than three years. A consider¬ 
able number of the detections for these stars overestimated 
the rotation period of the star, suggesting that the short cy¬ 
cle length can indeed be confused with the rotation period 
of the star. 


© 2014 RAS, MNRAS 000,[iHT7l 



Kepler rotation hare-and-hounds 13 


Table 3. Overall rotation period detection results. For the noisy and noise-free simulated light curves, the 3 columns shows the percentage 
of cases for which each team reported a value, and the percentage of reported values that were ‘good’ and ‘ok’, respectively (see text for 
details). For the solar cases, we report numbers rather than percentages. 


Method Noisy Noise-free solar 



% det 

% good 

% ok 

% det 

% good 

% ok 

No. det 

No. ok 

Blind teams 

Reinhold (Periodogram) 

82 

67 

76 

87 

65 

77 

4 

2 

Nielsen (Periodogram) 

16 

100 

100 

15 

100 

100 

0 

0 

Natal (Periodogram / spot model) 

27 

69 

76 

72 

80 

85 

5 

2 

Tel Aviv (ACF) 

100 

68 

80 

100 

75 

90 

5 

4 

Imperial (ACF) 

95 

71 

87 

98 

73 

88 

5 

4 

Non-blind teams 

Seattle (Periodogram) 

68 

81 

88 

75 

84 

90 

0 

0 

CEA (Wavelets / ACF) 

78 

88 

95 

82 

92 

99 

2 

2 


All teams also reported a smaller number of spurious 
detections that were significantly shorter than the trne val¬ 
ues. Interestingly, these occur only in the noisy light curve. A 
more detailed inspection of these cases revealed that the de¬ 
tected signal was present, albeit at a low level, in the ‘quiet’ 
light curves into which the simulated signals were injected. 
Thus, these detections may not be entirely spurious, though 
it is not possible to determine whether the detected signal 
in those cases was genuinely due to rotational modulation 
of star spots. 


4-2.2 Solar cases 


For the solar cases, a detection was considered ‘ok’ if the 
reported period range overlapped with the interval 25-30 
days. This interval covers the expected solar synodic rota¬ 
tion periods for latitudes 0-45'’), the approximate latitude 
range within which sunspots tend to be located. 

Two of the teams using the periodogram recovered the 
solar period in 2 of the 5 solar cases, both the teams using 
the ACF did so in 4 of the 5 solar cases, and the CEA team 
recovered it in 2 of the 5 cases. This suggests, once more, that 
the ACF method may perform slightly better than the pe¬ 
riodogram for Sun-like stars which are neither fast rotators 
nor very active. Additionally, we note that, on average, the 
measured period decreases as one progresses in the solar ac¬ 
tivity cycle, which is an encouraging sign for the detectabil¬ 
ity of differential rotation for Kepler stars having shorter 
activity cycles. Previous studies of the TSI have shown that 
the true rotation period of the Sun was detectable only dur¬ 
ing phases of minimum activity during the 11 year solar cycle 
when the modulation was dominated by faculae pf/anza et al.| 
(20031; Lanza, Rodono & Pagano (20041. A re-analysis of 


the TSI using an autocorrelation approach was carried out 
in [Lanza fc Shkolnik| ( |MT^ where they reached similar con¬ 
clusions. 


4.3 Recovery of differential rotation 

Not all teams explicitly searched for differential rotation sig¬ 
nals. For those that did. Figure shows a comparison of 
the simulated versus measured differential rotation signal, 
quantified by the rotational shear a, which we define as 


a = (Pmax — Pinin)/P, following Reiuhold, Reiners & Basri 
( [M^ , where P is the ‘overall’ or mean rotation period. To 
compute the simulated value, Otme, shown on the figure, we 
use the ‘observable’ period range defined in Section [4.H but 
the results are similar when using the absolute maximum 
and minimum periods defined by the spot latitude range 
and the value of Afl used in the simulations. 


The three teams whose results are shown in Figure [Toj 
used very different methods: identification of multiple indi¬ 
vidual peaks in the periodogram, spot modelling, and mea¬ 
surement of the spread of the power in the LS periodogram 
about the strongest peak. Strikingly, none of these methods 
enables an unambiguous detection of the differential rotation 
signal. All teams reported non-zero shear in numerous cases 
where the simulated shear was zero, and vice-versa. There 
are, of course, cases where each team reported a non-zero 
shear and the simulations did include differential rotation. 
Although there is a lot of scatter, there is some tendency 
for those to cluster around the one-to-one line, at least for 
the Gottingen/Reinhold and Natal teams, particularly when 
considering only ‘good’ period detections (green points), but 
the correlation is weak. 


Rapid spot evolution can lead to light curve morpholo¬ 
gies that closely resemble those caused by differential rota¬ 
tion. In an attempt to disentangle between the effects of spot 
evolution and differential rotation, we plotted in the bottom 
panel of Figure only the cases with relatively long spot 
lifetimes r ^ 5P. There are fewer ‘bad’ or ‘ok’ period de¬ 
tections (red and blue points) in that subsample, but the 
picture in terms of recovery of differential rotation is not 
substantially different. It may be that differential rotation 
signals can only be identified reliably in cases where r is 
even larger, but the present blind exercise did not include 
enough such cases to test that hypothesis. 

We also checked the results of the other teams, who 
reported a period range or error bar, even when they did 
not do so with the specific intention of making a differential 
rotation measurement, but the results were similar: there 
was little or no correlation between the simulated shear and 
the period range or period uncertainty. We also checked for 
any correlation between simulated shear and a number of 
ACF properties measured by the Tel Aviv team, which could 
conceivably be related to differential rotation, such as the 
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Reinhold (Pgram - multiple peaks) Natal (Pgram / spot model) Seattle (Pgram - peak width) 



Figure 10. Measured versus simulated differential rotation shear (a = (Pmin — Pinax)/P) for the three teams which specifically searched 
for differential rotation signals. The colour-coding of the points is the same as in Figure]^ The top row shows all the light curves each 
team reported results for, while the bottom row shows only cases with spot evolution timescales r > 5P. 


width of the ACF peaks, or the gradient in this width for 
consecutive peaks, but to no avail. 


5 SUMMARY AND DISCUSSION 

We have carried out a blind exercise to test the recoverabil¬ 
ity of ‘typical’ rotation and differential rotation signals from 
Kepler light curves. Seven teams analysed up to 1004 light 
curves containing simulated starspot signals including activ¬ 
ity cycles, differential rotation and spot evolution, using a 
variety of methods including variants on the Lomb-Scargle 
(LS) periodogram, autocorrelation function (ACF), wavelet 
power spectra and combinations thereof. Five of the teams 
took part in genuinely blind fashion, while the last two teams 
analysed the light curves after their content had been made 
public, though they did not explicitly use this information 
in their analysis. 

The results of the exercise for the recovery of the ‘over¬ 
all’ rotation period are positive: the periods reported by the 
different teams were within 10% of the ‘true’ period between 
70 and 100% of the time. There was a clear trade-off between 
completeness and reliability: one team - Gottingen/Nielsen, 
using the periodogram with a stringent stability criterion 
- obtained 100% ‘good’ detections, but reported results for 
only 27% of the cases, while another - Tel Aviv, using the 
ACF method with no selection criterion whatsoever - re¬ 
ported results for 100% of the case, but only ~ 70% of these 
were ‘good’. Arguably, the best combination of complete¬ 
ness and reliability was obtained by the CEA team, using a 
combination of multiple detrending as well as period-search 


methods (ACF and wavelets). However, as this team took 
part after the end of the genuinely blind phase of the exer¬ 
cise, their results cannot be compared directly to those of 
the other teams. 

The results are much more worrying for differential ro¬ 
tation. There seems to be very little correlation between the 
injected and recovered differential rotation shear. In numer¬ 
ous cases, a non-zero shear was reported by several teams 
where the simulated shear was zero, and vice-versa. The 
origin of this problem, which persists whatever the method 
used, is not entirely clear. Spot evolution is likely to be play¬ 
ing a role, as it can mimic differential rotation signals in 
the light curves and periodograms, but the problem persists 
even in cases where the simulated spots had relatively long 
lifetimes (^ 5 rotation periods). Further tests with fewer, 
larger, longer-lived active regions are needed to see if dif¬ 
ferential rotations signals can be recovered more reliably in 
more active stars - which have typically been the focus of 
differential rotation studies. In the mean time, the results of 
the present exercise suggest that differential rotation mea¬ 
surements based on periodogram analysis or spot modelling 
of the full-disk light curve alone should be treated with con¬ 
siderable caution. 

It is worth noting that all of the teams who searched 
for differential rotation signals did so by looking for multiple 
periodicities present in the light curves at the same time. An 
alternative, which may yield more robust results, would be 
to look for a drift in the mean period over an activity cycle 
I Scargle, Keil & Worden 2013 Mathur et al. 20141. However, 
this requires light curves lasting at least a significant fraction 
of the activity cycle. Furthermore, it implicitly assumes the 
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Figure 11. Histograms showing how the value for spot lifetime (top) anti amplitude of variability (bottom) gave rise to consistently 
good or bad detections. For both parameters, the top row of histograms shows the number of teams with good detections and the bottom 
row the number of bad detections. 


existence of a Sun-like butterfly pattern, which may or may 
not be common in other stars. 

In the remainder of this section we comment on a few 
points which were brought up by the exercise and seem wor¬ 
thy of further discussion. 

5.1 What do we actually mean by rotation 
period? 

One question which had to be addressed in the course of the 
exercise, and which is less trivial than it may seem, is: what 


do we mean by a ‘correct’ rotation period measurement for 
a star with differential rotation? We chose to address this 
in a statistical, rather than a strictly physical sense, by con¬ 
sidering the distribution of spot rotation periods present in 
the simulations, weighted by the spot size, and comparing 
that to the reported period(s). This enabled us to evaluate 
the effects of noise, spot evolution, inclination angle of the 
star and the period measurement method used on the re¬ 
sults. However, it is important to bear in mind that both 
the ‘true’ and the reported period ranges are affected by 
other factors such as the distribution of latitudes at which 
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spots emerge and the specific differential rotation prescrip¬ 
tion, which would be unknown a priori in a realistic scenario. 


5.2 Main factors affecting overall period 
sensitivity and reliability 

Figure shows the number of teams who reported ‘good’ 
and ‘bad’ detections, as a function of the (observable) spot 
lifetime and the peak-to-peak amplitude of the noise-free 
light curve. For the sake of consistency, only the results of 
the blind teams are shown, although the picture does not 
change appreciably when the results of the non-blind teams 
are included. As one might expect, both the sensitivity and 
the reliability of the period search, when evaluated across 
all the teams, decreases for short-lived spots, smaller ampli¬ 
tudes, and longer periods. 



5.3 When are unambiguous detections of 
differential rotation feasible? 

While the differential rotation results of the exercise were 
on the whole disappointing, there were a few cases where 
individual teams did report a range of periods that closely 
matched the simulated range - such a case is illustrated for 
the Natal team in Figure]^ for example. This naturally begs 
the question: if differential rotation can be reliably measured 
under some circumstances, can we identify what those cir¬ 
cumstances are? We searched for this by comparing the spot 
lifetimes, median number of spots present at any one time, 
overall periods and activity levels for the stars where the re¬ 
ported shear was close to the simulated one, to those where 
it was not. Unfortunately, we were unable to identify, within 
the parameter space covered by this exercise, a ‘safe’ region 
where differential rotation can be reliably measured. Even 
if future studies were to reveal that differential rotation can 
be detected reliably for - say - spot lifetimes longer than 
10 rotation periods and stars dominated by only 2-3 active 
regions at any one time, this information would be useful 
only if coupled with a reliably means of establishing, from 
the light curve itself, that these conditions apply. 

To our knowledge, the only differential rotation studies 
to explicitly account for spot evolution so far are the work 


of Frohlich et al. (20091; Frasca et al. (20111; Frohlich et al. 


(20121, who used the Bayesian Information Criterion (BIC) 
to distinguish between cases with and without differential 
rotation while allowing for spot evolution. This approach is 
more sophisticated than most, but unfortunately none of the 
teams involved in the present exercise used it. 


5.4 Limitations of this blind test 

The light curve simulations used in this exercise had a num¬ 
ber of limitations, which one might want to address in any 
future exercise with similar goals. 

First, the distribution of simulated periods and ampli¬ 
tudes were chosen to match those found by recent studies 
based on Kepler data. This made sense at the time, but as 
a result the conclusions of the present exercise apply only 
within the range of parameter space probed, in particular, 
periods ranging from 1 to 50 days and activity levels from 0.3 
to 3 times solar. In hindsight, it would have been interesting 


Figure 12. Distribution of the variability in our simulated light 
curves (red). Overplotted in green is the corresponding distri¬ 
bution for all Kepler Q3 stars from |Reinhold, Reiners fc Basri| 
l |2013[ l. Note that both histograms are normalised such that the 
total area equals one. The dashed-blue line shows the variability 
level of the Sun at solar maximum for reference. 


to go to longer periods and smaller amplitude, to enable us 
to test whether the observed distributions are real, or the re¬ 
sult of selection effects. A significant number of light curves 
in the Kepler data show long-lived spot groups that live for 
many rotations of the star. We do not model such persistent 
spot groups in our simulated light curves; rather, our in¬ 
vestigation was more focused on spot groups with half-lives 
up-to ten stellar rotations. Simulating light curves of longer 
lived spots would be interesting since this would negate the 
confusion between spot evolution and the detection of dif¬ 
ferential rotation. 

Furthermore, the sample did not include any very ac¬ 
tive stars (the activity rate was limited to 3 times solar 
or lower). Because the activity rate controls the number 
of spots emerging per unit time, while the spot lifetimes 
were specified as a multiple of the period, this results in 
particularly small amplitudes for the short-period cases (as 
can be seen in the right column of Figure 111. Thus, the 
most promising type of stars for differential rotation studies, 
namely stars with large-amplitude, short period rotational 
modulation, were absent from our sample. This makes it 
difficult to compare our results to those of previous stud¬ 
ies attempting to measure differential rotation, which have 
focused mainly on such stars. 

Figure shows the variability in our simulated light 
curves derived by splitting each light curve into 90 day win¬ 
dows. We then fit a low order polynomial to each time win¬ 
dow and calculate the range. Over plotted is the analogous 
distribution from all Kepler Q3 stars from [Reinhold, Rein-| 


ers & Basri (20131. The histograms show how our sample 


does not cover the most active stars in the Kepler survey. 
The results presented here should therefore only be thought 
of in the context of stars exhibiting low and moderate levels 
of activity. 
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Full version of Table 2 to be available online only. Notes: (“) A is relative to solar; (*’) If R is 0, spots follow a butterfly 
pattern, otherwise they are randomly distributed in latitude; (‘^) A KID of 0 means that the noise-free light curve was used, 
while the entry ‘Sun’ in this column means that the light curve is based on a segment of the Sun’s observed total irradiance 
variations (see Section 2.4 for details). 
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0.46 

8.20 

893468 

1.51 

1.26 

1.77 

2 

0.45 

9.52 

0.19 

19.81 

62.64 

0 

0.99 

1.58 

0.40 

7.31 

1163450 

1.87 

1.75 

2.02 

3 

1.34 

1.54 

1.53 

32.99 

74.14 

0 

0.34 

17.04 

0.00 

1.02 

1431090 

17.04 

17.04 

17.04 

4 

0.52 

1.09 

0.95 

3.32 

31.71 

0 

0.82 

42.29 

0.61 

3.66 

1849570 

45.44 

43.27 

48.07 

5 

0.61 

3.45 

0.12 

27.36 

77.07 

1 

0.55 

44.94 

0.55 

2.39 

2016950 

70.03 

53.33 

89.21 

6 

0.73 

1.58 

0.71 

39.96 

66.28 

1 

0.81 

23.64 

0.00 

2.13 

2017080 

23.64 

23.64 

23.64 

7 

1.57 

7.59 

0.71 

24.24 

76.79 

0 

0.96 

35.04 

0.30 

3.52 

2158850 

38.77 

36.80 

40.60 

8 

0.55 

1.87 

0.37 

31.05 

78.99 

1 

0.22 

28.58 

0.10 

6.03 

2283850 

30.74 

29.74 

31.64 

9 

1.18 

1.28 

0.48 

1.82 

54.48 

0 

0.73 

23.52 

0.34 

5.19 

2285840 

26.11 

24.19 

28.34 

10 

1.43 

3.32 

0.64 

21.30 

48.65 

1 

0.04 

31.49 

0.22 

6.78 

2304940 

33.94 

32.67 

35.37 

11 

1.03 

7.09 

1.31 

35.79 

71.65 

0 

0.71 

30.89 

0.21 

1.51 

2306970 

35.23 

33.54 

36.94 

12 

0.36 

5.30 

0.27 

14.72 

59.24 

1 

0.59 

18.49 

0.56 

1.58 

2307470 

24.01 

19.51 

29.33 

13 

1.93 

1.09 

0.17 

32.56 

60.30 

0 

0.26 

10.95 

0.36 

6.11 

2310420 

13.26 

12.21 

14.38 

14 

2.63 

3.36 

0.60 

20.26 

44.52 

0 

0.68 

44.33 

0.17 

8.74 

2422820 

46.51 

45.53 

47.58 

15 

2.93 

7.32 

0.39 

35.67 

75.56 

0 

0.85 

13.04 

0.17 

1.42 

2437110 

14.19 

13.67 

14.70 

16 

1.10 

6.54 

0.20 

8.19 

77.96 

1 

0.34 

13.55 

0.27 

4.63 

2438930 

16.46 

14.53 

18.01 

17 

2.59 

3.53 

1.34 

16.05 

42.22 

0 

0.44 

14.12 

0.83 

2.52 

2444300 

18.24 

16.17 

20.77 

18 

1.23 

9.15 

0.14 

10.57 

47.96 

0 

0.25 

24.98 

0.00 

1.46 

2444800 

24.98 

24.98 

24.98 

19 

0.82 

4.92 

2.04 

15.86 

76.80 

0 

0.13 

1.31 

0.00 

2.47 

2575300 

1.31 

1.31 

1.31 

20 

2.98 

1.46 

0.17 

0.95 

75.40 

1 

0.58 

30.31 

0.92 

5.43 

2583680 

91.53 

34.08 

176.92 

21 

1.65 

5.37 

1.47 

23.00 

72.86 

0 

0.53 

9 

0.36 

1.16 

2585850 

11.14 

10.02 

12.30 

22 

0.32 

4.93 

0.19 

2.74 

69.52 

0 

0.4 

24.59 

0.73 

3.68 

2693340 

42.26 

31.10 

58.62 

23 

1.97 

1.05 

0.38 

37.97 

74.14 

0 

0.96 

38.29 

0.11 

5.29 

2717160 

40.82 

39.54 

42.10 

24 

0.42 

4.40 

0.28 

9.00 

69.85 

0 

0.82 

3.02 

0.18 

8.86 

2831840 

3.31 

3.14 

3.51 

25 

0.50 

3.06 

1.44 

7.68 

60.82 

0 

0.9 

12.63 

0.00 

5.79 

2846180 

12.63 

12.63 

12.63 

26 

0.34 

3.44 

0.19 

14.59 

44.63 

0 

0.92 

20.8 

0.00 

4.34 

2848930 

20.80 

20.80 

20.80 

27 

0.82 

2.86 

0.30 

29.53 

76.65 

0 

0.51 

29.9 

0.14 

7.11 

2860360 

32.88 

31.62 

34.15 

28 

0.55 

4.14 

0.21 

5.91 

53.18 

0 

0.72 

11.37 

0.11 

1.67 

2861270 

11.74 

11.53 

11.98 

29 

0.41 

3.57 

1.64 

0.39 

51.04 

1 

0.49 

13.93 

0.19 

3.02 

2861660 

14.83 

14.04 

15.58 

30 

0.64 

6.22 

0.47 

8.70 

61.84 

0 

0.51 

30.81 

0.53 

2.33 

2974540 

35.90 

32.50 

39.53 

31 

1.66 

4.68 

0.14 

20.75 

66.70 

0 

0.8 

20.8 

0.35 

1.08 

2990800 

24.60 

22.41 

26.93 

32 

0.55 

8.32 

0.58 

7.01 

54.84 

0 

0.79 

28.85 

0.19 

3.99 

2995390 

29.78 

29.22 

30.46 

33 

1.65 

1.89 

1.99 

37.37 

74.92 

0 

0.84 

15.31 

0.52 

6.31 

2995550 

22.50 

18.35 

26.80 

34 

0.48 

4.59 

0.26 

21.58 

53.02 

0 

0.63 

16.99 

0.52 

1.46 

3112920 

21.41 

19.07 

24.54 

35 

1.20 

2.81 

0.18 

2.73 

72.44 

0 

0.14 

13.76 

0.53 

1.02 

3115280 

20.12 

16.25 

24.67 

36 

0.52 

6.77 

3.13 

20.99 

58.20 

0 

0.81 

50 

0.23 

3.27 

3115540 

54.44 

52.39 

56.55 

37 

0.82 

2.64 

2.09 

28.90 

78.64 

0 

0.83 

1.27 

0.59 

7.13 

3116180 

2.04 

1.58 

2.62 

38 

0.71 

3.68 

1.09 

15.83 

70.10 

1 

0.8 

15.87 

0.59 

4.49 

3118950 

22.62 

16.96 

30.75 

39 

1.58 

3.08 

0.15 

2.15 

54.63 

0 

0.7 

2.6 

0.00 

9.78 

3123690 

2.60 

2.60 

2.60 

40 

0.46 

3.77 

1.56 

36.81 

65.88 

1 

0.38 

12.74 

0.00 

5.57 

3218990 

12.74 

12.74 

12.74 

41 

0.72 

4.86 

0.41 

1.46 

74.98 

0 

0.72 

34.72 

0.00 

1.33 

3219040 

34.72 

34.72 

34.72 

42 

0.62 

6.50 

0.14 

10.65 

29.47 

0 

0.99 

31.43 

0.28 

3.22 

3222770 

32.25 

31.94 

32.60 

43 

0.45 

2.00 

2.37 

21.82 

57.84 

0 

0.94 

33.09 

0.58 

4.44 

3228510 

44.05 

37.86 

51.95 

44 

1.39 

1.83 

1.23 

7.91 

47.08 

1 

0.81 

12.01 

0.00 

6.92 

3237440 

12.01 

12.01 

12.01 

45 

2.46 

7.03 

1.28 

15.61 

58.89 

1 

0.82 

16.81 

0.00 

2.64 

3238270 

16.81 

16.81 

16.81 

46 

2.40 

7.88 

0.61 

7.44 

63.50 

0 

0.62 

14.34 

0.18 

2.00 

3240690 

15.21 

14.71 

15.79 

47 

0.93 

1.70 

0.92 

13.67 

78.30 

0 

0.82 

16.76 

0.62 

7.64 

3241040 

26.35 

19.79 

34.68 

48 

2.68 

2.87 

0.36 

32.86 

76.49 

1 

0.47 

13.55 

0.00 

2.66 

3241700 

13.55 

13.55 

13.55 

49 

0.57 

5.67 

0.50 

32.78 

66.00 

0 

0.87 

16.82 

0.80 

1.96 

3325230 

28.86 

22.12 

36.34 

50 

0.79 

6.85 

1.23 

22.49 

68.16 

0 

0.45 

34.83 

0.11 

7.57 

3335350 

36.60 

35.88 

37.30 

51 

0.94 

2.56 

0.19 

7.22 

55.17 

0 

0.95 

33 

0.00 

1.37 

3337730 

33.00 

33.00 

33.00 

52 

0.52 

1.24 

0.32 

19.31 

73.75 

1 

0.65 

50.05 

0.00 

5.31 

3339840 

50.05 

50.05 

50.05 

53 

1.42 

1.45 

0.22 

24.12 

50.25 

0 

0.79 

46.42 

0.10 

2.69 

3340120 

48.17 

47.37 

49.02 

54 

1.48 

6.40 

0.82 

37.29 

47.15 

0 

0.9 

40.57 

0.80 

3.30 

3340360 

58.54 

51.66 

66.22 

55 

0.44 

1.96 

0.27 

25.67 

64.77 

0 

0.83 

48.02 

0.32 

1.38 

3341250 

57.25 

52.90 

62.54 


© 2014 RAS, MNRAS 000,[iHT7l 





Kepler rotation hare-and-hounds 19 


56 

1.29 

7.24 

0.27 

7.97 

74.82 

1 

0.72 

19.96 

0.00 

9.97 

3346470 

19.96 

19.96 

19.96 

57 

0.51 

1.28 

0.61 

5.09 

77.65 

0 

0.55 

33.7 

0.22 

7.50 

3348090 

38.67 

35.84 

41.38 

58 

1.52 

5.01 

2.35 

6.08 

67.65 

0 

0.83 

24.68 

0.00 

1.12 

3348480 

24.68 

24.68 

24.68 

59 

0.65 

2.35 

1.46 

6.15 

46.62 

0 

0.55 

16.18 

0.00 

3.99 

3424830 

16.18 

16.18 

16.18 

60 

1.01 

1.75 

0.52 

1.13 

71.10 

0 

0.4 

34.71 

0.72 

6.35 

3445860 

56.62 

39.80 

77.98 

61 

0.89 

1.59 

2.49 

27.26 

62.78 

0 

0.56 

15.78 

0.00 

6.35 

3446280 

15.78 

15.78 

15.78 

62 

2.23 

2.49 

0.92 

33.42 

60.63 

0 

0.59 

14.57 

0.93 

3.12 

3448920 

29.72 

19.10 

43.46 

63 

0.50 

2.15 

2.46 

22.72 

75.36 

0 

0.32 

18.52 

0.35 

3.86 

3525290 

23.74 

21.31 

26.77 

64 

2.40 

2.53 

0.67 

7.91 

65.49 

0 

0.18 

47.04 

0.18 

3.73 

3531270 

51.86 

49.23 

54.54 

65 

0.60 

5.48 

2.91 

7.98 

47.85 

0 

0.82 

14.95 

0.00 

1.85 

3540410 

14.95 

14.95 

14.95 

66 

1.56 

1.52 

0.16 

6.95 

78.97 

0 

0.29 

12.61 

0.12 

2.09 

3543260 

13.69 

13.13 

14.15 

67 

2.19 

8.03 

2.18 

27.33 

79.33 

0 

0.91 

36.66 

0.00 

2.79 

3545160 

36.66 

36.66 

36.66 

68 

0.93 

2.20 

0.32 

2.37 

70.89 

0 

0.65 

1.09 

0.35 

7.25 

3549820 

1.32 

1.16 

1.50 

69 

0.32 

6.20 

0.11 

29.68 

62.31 

1 

0.99 

19.16 

0.00 

1.99 

3631720 

19.16 

19.16 

19.16 

70 

0.84 

1.42 

0.24 

28.07 

64.62 

0 

0.92 

34.02 

0.12 

1.55 

3641030 

36.08 

35.07 

36.99 

71 

0.47 

3.28 

0.54 

20.79 

72.72 

0 

0.75 

37.07 

0.25 

2.11 

3644400 

42.80 

39.45 

45.99 

72 

1.94 

5.17 

1.92 

2.00 

74.53 

0 

0.62 

19.32 

0.31 

2.48 

3647160 

22.75 

20.53 

25.15 

73 

0.48 

1.67 

2.99 

6.57 

69.21 

0 

0.64 

30.47 

0.12 

3.00 

3648210 

32.62 

31.39 

33.72 

74 

0.44 

3.50 

0.40 

8.21 

75.17 

0 

0.39 

25.15 

0.70 

1.16 

3734470 

43.79 

30.19 

57.03 

75 

2.60 

1.22 

0.12 

0.06 

78.23 

0 

0.67 

12.46 

0.00 

1.94 

3735480 

12.46 

12.46 

12.46 

76 

0.42 

2.93 

2.99 

24.75 

57.17 

0 

0.21 

19.1 

0.57 

8.58 

3736700 

26.55 

23.61 

29.75 

77 

0.42 

1.06 

0.26 

35.35 

68.74 

0 

0.86 

18.93 

0.19 

7.30 

3747960 

21.05 

19.90 

22.10 

78 

0.44 

4.15 

1.14 

2.72 

77.60 

1 

0.54 

18.13 

0.28 

5.13 

3750250 

22.03 

18.83 

24.31 

79 

2.16 

1.20 

0.10 

13.97 

72.22 

0 

0.96 

16.14 

0.48 

1.37 

3833340 

20.87 

17.79 

24.53 

80 

0.42 

1.02 

0.75 

17.57 

61.06 

0 

0.82 

12.35 

0.84 

6.82 

3834900 

19.62 

14.51 

26.55 

81 

0.40 

9.20 

0.19 

12.95 

43.88 

1 

0.93 

32.33 

0.00 

1.40 

3837280 

32.33 

32.33 

32.33 

82 

0.66 

1.85 

0.13 

36.61 

79.44 

1 

0.55 

45.68 

0.63 

3.06 

3847210 

81.84 

61.03 

108.55 

83 

2.16 

1.21 

0.67 

14.92 

75.40 

0 

0.6 

27.43 

0.40 

7.32 

3847410 

35.70 

30.72 

40.67 

84 

2.99 

2.44 

0.14 

34.59 

77.99 

0 

0.65 

12.84 

0.12 

3.89 

3848740 

13.93 

13.44 

14.32 

85 

0.54 

3.18 

0.33 

0.34 

64.66 

0 

0.9 

22.07 

0.46 

8.77 

3854010 

26.57 

23.09 

31.09 

86 

0.46 

6.10 

0.40 

34.36 

72.15 

1 

0.93 

20.19 

0.00 

7.06 

3934250 

20.19 

20.19 

20.19 

87 

1.77 

1.41 

2.19 

17.60 

76.93 

0 

0.32 

14.62 

0.89 

6.29 

3935860 

39.00 

21.54 

64.19 

88 

0.65 

1.50 

0.17 

13.37 

74.19 

0 

0.08 

13.88 

0.25 

5.16 

3937600 

16.28 

14.99 

17.36 

89 

2.25 

1.63 

0.19 

26.43 

76.30 

0 

0.95 

29.37 

0.13 

3.30 

3938040 

31.55 

30.37 

32.80 

90 

3.11 

1.37 

1.48 

28.33 

60.15 

0 

0.89 

25.72 

0.16 

8.37 

3945830 

27.75 

26.83 

28.76 

91 

1.16 

3.59 

0.33 

7.95 

59.43 

1 

0.91 

21.42 

0.42 

1.43 

3952120 

25.41 

22.02 

29.80 

92 

1.22 

2.72 

2.64 

9.87 

43.04 

1 

0.85 

43.16 

0.11 

3.17 

3956030 

44.17 

43.38 

45.12 

93 

0.38 

3.88 

1.10 

28.74 

74.06 

0 

0.64 

48.15 

0.00 

1.21 

3956590 

48.15 

48.15 

48.15 

94 

2.53 

7.86 

0.22 

12.70 

64.92 

0 

0.87 

3.44 

0.40 

1.84 

3956760 

4.33 

3.92 

4.75 

95 

1.36 

1.49 

0.38 

33.50 

66.29 

0 

0.71 

14.48 

0.00 

1.87 

3956930 

14.48 

14.48 

14.48 

96 

0.52 

2.24 

0.88 

21.49 

69.04 

0 

0.82 

29.25 

0.39 

4.92 

4035780 

37.15 

32.87 

41.46 

97 

0.95 

1.77 

0.49 

24.81 

56.15 

0 

0.39 

48.26 

0.15 

4.91 

4042740 

51.69 

50.03 

53.30 

98 

2.27 

3.30 

0.22 

31.23 

56.98 

0 

0.94 

10.6 

0.00 

1.65 

4043310 

10.60 

10.60 

10.60 

99 

0.32 

1.96 

0.50 

7.78 

60.17 

0 

0.83 

30.39 

0.00 

3.13 

4049310 

30.39 

30.39 

30.39 

100 

1.68 

3.09 

0.11 

8.22 

77.92 

1 

0.93 

32.53 

0.00 

5.53 

4050260 

32.53 

32.53 

32.53 

101 

2.45 

2.66 

0.55 

14.60 

75.32 

0 

0.9 

16.88 

0.23 

4.68 

4136080 

19.12 

17.79 

20.61 

102 

1.35 

4.75 

1.03 

12.67 

57.58 

1 

0.93 

27.32 

0.48 

3.29 

4138010 

32.77 

28.27 

38.81 

103 

0.97 

2.89 

1.35 

22.75 

76.54 

1 

0.47 

14.64 

0.77 

5.53 

4138400 

31.23 

17.62 

47.96 

104 

0.95 

5.08 

1.44 

18.09 

59.07 

0 

0.59 

14.2 

0.00 

5.63 

4139700 

14.20 

14.20 

14.20 

105 

0.46 

6.45 

0.71 

39.64 

67.88 

1 

0.9 

17.15 

0.27 

1.56 

4143170 

20.00 

19.21 

21.19 

106 

0.95 

8.72 

0.74 

31.27 

56.34 

0 

0.14 

1.31 

0.22 

4.82 

4148380 

1.41 

1.37 

1.45 

107 

1.47 

5.01 

2.22 

2.64 

60.43 

0 

0.64 

48.95 

0.80 

1.10 

4161490 

65.27 

53.28 

80.02 

108 

0.72 

8.36 

0.69 

5.43 

78.71 

1 

0.56 

12.28 

0.86 

1.18 

4243640 

34.25 

13.96 

61.94 

109 

0.41 

1.59 

2.94 

19.93 

70.05 

0 

0.69 

13.15 

0.15 

2.39 

4245700 

14.47 

13.81 

15.03 

no 

0.52 

4.97 

1.13 

22.90 

50.09 

0 

0.4 

34.73 

0.21 

2.14 

4261430 

37.27 

36.22 

38.37 

111 

1.22 

1.21 

1.82 

9.06 

38.65 

0 

0.67 

19.21 

0.00 

1.06 

4263550 

19.21 

19.21 

19.21 

112 

0.33 

1.57 

0.68 

24.37 

53.48 

0 

0.93 

33.18 

0.19 

1.06 

4358560 

35.65 

34.48 

36.94 

113 

0.39 

1.55 

0.85 

10.99 

54.05 

0 

0.48 

11.72 

0.38 

1.08 

4358630 

13.57 

12.44 

14.86 

114 

1.93 

9.77 

0.64 

26.93 

57.09 

0 

0.05 

23.44 

0.33 

2.45 

4364860 

28.59 

27.18 

30.06 

115 

1.50 

1.22 

0.98 

37.95 

77.74 

0 

0.87 

29.28 

0.36 

2.33 

4448420 

37.42 

33.11 

41.87 

116 

0.52 

6.63 

0.32 

21.45 

43.22 

0 

0.65 

34.04 

0.49 

2.30 

4458440 

37.97 

36.38 

39.53 

117 

1.18 

6.68 

0.61 

25.90 

54.75 

0 

0.95 

8.18 

0.40 

3.63 

4460160 

9.19 

8.68 

9.58 


© 2014 RAS, MNRAS 000, [^{Tt] 


20 


S. Aigrain et al. 


118 

1.86 

2.25 

0.34 

1.26 

67.06 

1 

0.99 

10.4 

0.00 

5.77 

4464950 

10.40 

10.40 

10.40 

119 

1.46 

5.01 

0.49 

2.73 

64.12 

0 

0.94 

2.27 

0.00 

3.70 

4543660 

2.27 

2.27 

2.27 

120 

0.95 

1.93 

0.35 

19.95 

72.85 

0 

1 

30.12 

0.43 

3.50 

4551260 

38.53 

33.68 

44.05 

121 

0.33 

4.73 

0.20 

24.03 

79.39 

0 

0.79 

18.77 

0.76 

1.29 

4551740 

31.96 

22.57 

41.34 

122 

0.38 

1.63 

2.34 

35.00 

64.65 

1 

0.15 

42.3 

0.33 

1.80 

4552480 

50.96 

47.31 

55.52 

123 

1.99 

3.70 

1.52 

8.12 

70.75 

0 

0.9 

34.02 

0.00 

4.62 

4637950 

34.02 

34.02 

34.02 

124 

2.34 

1.98 

2.72 

6.10 

60.32 

0 

0.07 

14.88 

0.96 

1.74 

4638370 

29.26 

18.91 

42.52 

125 

0.75 

2.42 

2.12 

29.09 

36.86 

0 

0.46 

30.46 

0.10 

1.42 

4638390 

31.33 

31.09 

31.55 

126 

2.74 

1.17 

1.00 

3.84 

65.01 

0 

0.89 

2.29 

0.16 

1.71 

4640130 

2.44 

2.34 

2.56 

127 

1.84 

4.93 

2.49 

36.51 

68.37 

0 

0.68 

37.39 

0.00 

5.97 

4644280 

37.39 

37.39 

37.39 

128 

0.56 

1.87 

0.52 

17.50 

74.45 

0 

0.5 

24.13 

0.00 

7.52 

4649630 

24.13 

24.13 

24.13 

129 

0.42 

6.91 

0.23 

9.42 

76.83 

0 

0.88 

23.05 

0.11 

2.78 

4650040 

24.09 

23.46 

24.82 

130 

1.00 

5.96 

0.39 

31.74 

77.12 

0 

0.95 

35.98 

0.00 

7.42 

4732030 

35.98 

35.98 

35.98 

131 

3.08 

5.94 

0.49 

24.51 

33.34 

0 

0.47 

27.25 

0.12 

2.82 

4771510 

27.91 

27.72 

28.09 

132 

0.73 

1.18 

0.33 

3.97 

55.14 

0 

0.16 

48.54 

0.00 

3.34 

4821000 

48.54 

48.54 

48.54 

133 

0.48 

4.62 

0.53 

18.80 

57.05 

0 

0.41 

37.07 

0.10 

8.64 

4827330 

38.53 

37.79 

39.21 

134 

2.97 

3.22 

0.24 

9.46 

67.70 

1 

0.49 

26.15 

0.54 

2.09 

4859690 

37.28 

28.28 

46.45 

135 

2.76 

4.60 

0.85 

13.93 

60.45 

0 

0.69 

37.63 

0.24 

2.05 

4907300 

41.27 

39.17 

43.73 

136 

0.38 

2.13 

0.64 

18.19 

78.60 

0 

0.94 

21.66 

0.29 

1.79 

4918280 

26.27 

23.78 

29.02 

137 

2.76 

1.30 

1.02 

21.66 

72.31 

0 

0.32 

11.25 

0.32 

2.75 

4918520 

13.97 

12.58 

15.26 

138 

0.70 

8.34 

1.20 

3.68 

73.32 

0 

0.73 

24.17 

0.00 

5.13 

4922090 

24.17 

24.17 

24.17 

139 

0.41 

1.36 

0.10 

19.02 

66.89 

0 

0.87 

31.59 

0.61 

7.21 

4999540 

45.30 

35.75 

57.55 

140 

0.66 

1.92 

0.11 

36.69 

54.63 

0 

0.77 

24.16 

0.27 

1.93 

5004160 

27.15 

25.74 

28.50 

141 

3.06 

1.21 

0.19 

6.54 

73.29 

0 

0.99 

18.29 

0.00 

8.53 

5004400 

18.29 

18.29 

18.29 

142 

0.81 

6.78 

0.67 

39.01 

71.19 

0 

0.66 

23.5 

0.83 

1.16 

5006540 

35.00 

27.82 

41.00 

143 

2.83 

7.85 

0.94 

32.11 

65.90 

0 

0.86 

14.88 

0.12 

5.80 

5006920 

15.70 

15.40 

16.04 

144 

0.57 

8.13 

1.69 

15.50 

70.53 

0 

0.69 

17.39 

0.00 

1.60 

5089490 

17.39 

17.39 

17.39 

145 

0.74 

3.67 

0.12 

31.02 

79.05 

0 

0.51 

35.7 

0.20 

2.52 

5095850 

40.95 

38.75 

43.22 

146 

0.50 

1.64 

0.35 

14.57 

70.35 

0 

0.28 

38.06 

0.11 

1.39 

5098010 

40.61 

39.35 

41.67 

147 

0.34 

1.09 

0.13 

33.87 

67.76 

0 

0.8 

11.45 

0.82 

1.67 

5119900 

19.59 

14.01 

26.87 

148 

1.46 

1.65 

1.98 

11.21 

78.68 

0 

0.66 

16.15 

0.00 

1.15 

5120840 

16.15 

16.15 

16.15 

149 

1.47 

4.81 

0.12 

27.83 

63.66 

0 

0.68 

40.82 

0.00 

6.15 

5171270 

40.82 

40.82 

40.82 

150 

0.76 

1.27 

0.96 

6.99 

70.62 

0 

0.99 

12.04 

0.48 

2.69 

5176620 

15.56 

13.18 

18.57 

151 

1.15 

3.18 

0.40 

14.28 

79.05 

0 

0.72 

1.94 

0.00 

3.65 

5176720 

1.94 

1.94 

1.94 

152 

0.66 

5.20 

1.69 

29.13 

75.00 

0 

0.47 

16 

0.00 

2.28 

5179890 

16.00 

16.00 

16.00 

153 

0.32 

3.25 

1.32 

33.58 

70.29 

0 

0.79 

34.59 

0.00 

1.41 

5179980 

34.59 

34.59 

34.59 

154 

0.67 

2.71 

3.15 

14.28 

62.46 

0 

0.53 

35.39 

0.00 

2.04 

5208070 

35.39 

35.39 

35.39 

155 

2.76 

1.32 

0.63 

30.36 

52.72 

0 

1 

12.46 

0.44 

4.33 

5211310 

15.16 

13.83 

16.56 

156 

0.50 

1.22 

1.20 

22.04 

65.14 

0 

0.97 

43.57 

0.00 

1.72 

5270030 

43.57 

43.57 

43.57 

157 

0.53 

5.65 

0.74 

6.14 

55.70 

0 

0.66 

28.05 

0.38 

1.29 

5272560 

31.00 

29.25 

33.45 

158 

0.33 

2.18 

1.06 

2.39 

57.45 

0 

0.34 

20.25 

0.28 

2.89 

5301040 

22.94 

21.56 

24.62 

159 

0.58 

6.72 

0.80 

2.99 

59.65 

0 

0.51 

23 

0.60 

9.59 

5305360 

29.03 

24.84 

33.35 

160 

0.68 

1.20 

0.73 

0.84 

78.04 

0 

0.46 

16.62 

0.36 

9.85 

5350310 

20.97 

18.26 

23.68 

161 

1.97 

1.98 

0.99 

3.99 

65.32 

0 

0.34 

24.27 

0.52 

1.88 

5351030 

32.69 

27.69 

38.29 

162 

2.05 

2.79 

0.68 

1.25 

75.72 

0 

0.74 

21.43 

0.14 

3.47 

5352110 

23.10 

21.88 

24.39 

163 

0.79 

1.18 

0.80 

25.88 

73.79 

0 

0.5 

28.83 

0.23 

4.37 

5359020 

33.54 

31.32 

35.73 

164 

0.37 

6.75 

0.17 

10.34 

79.05 

1 

0.46 

47.56 

0.32 

1.60 

5393090 

60.28 

50.32 

67.51 

165 

1.07 

6.28 

1.00 

22.67 

55.61 

0 

0.51 

33.25 

0.00 

2.58 

5394680 

33.25 

33.25 

33.25 

166 

1.11 

2.15 

0.21 

25.23 

48.61 

0 

0.88 

19.36 

1.00 

4.56 

5436050 

30.24 

24.31 

38.17 

167 

1.80 

2.84 

0.24 

26.99 

70.58 

0 

0.83 

14.67 

0.00 

2.45 

5449880 

14.67 

14.67 

14.67 

168 

1.33 

4.59 

2.18 

14.26 

57.97 

0 

0.93 

27.41 

0.00 

2.71 

5450450 

27.41 

27.41 

27.41 

169 

0.78 

1.26 

1.02 

3.10 

79.36 

1 

0.52 

10.33 

0.36 

2.13 

5466460 

13.61 

10.89 

15.69 

170 

0.73 

2.98 

0.58 

19.56 

48.55 

0 

0.55 

19.55 

0.35 

4.06 

5468290 

22.11 

20.91 

23.49 

171 

1.29 

5.94 

1.39 

24.98 

73.67 

0 

0.31 

49.17 

0.00 

2.73 

5476680 

49.17 

49.17 

49.17 

172 

0.73 

2.66 

0.39 

26.92 

75.74 

1 

0.61 

49.27 

0.62 

3.09 

5522370 

80.29 

57.06 

108.93 

173 

1.05 

1.01 

0.18 

24.08 

64.59 

0 

0.89 

9.8 

0.23 

6.53 

5524740 

11.01 

10.39 

11.65 

174 

3.16 

2.33 

0.17 

7.38 

60.17 

0 

0.73 

12.21 

0.54 

5.44 

5524980 

15.74 

13.39 

18.47 

175 

0.36 

5.61 

0.17 

24.71 

66.07 

0 

0.87 

21.75 

0.00 

2.43 

5536480 

21.75 

21.75 

21.75 

176 

2.08 

6.79 

2.70 

37.53 

74.92 

0 

0.54 

40.89 

0.00 

1.07 

5557700 

40.89 

40.89 

40.89 

177 

0.43 

1.52 

0.29 

15.53 

52.36 

1 

0.74 

31.85 

0.56 

1.09 

5557900 

38.97 

33.90 

46.30 

178 

2.79 

5.23 

1.08 

5.68 

77.30 

1 

0.89 

34.94 

0.00 

3.77 

5558840 

34.94 

34.94 

34.94 

179 

0.93 

1.64 

0.27 

28.40 

76.03 

0 

0.63 

17.43 

0.00 

3.41 

5559690 

17.43 

17.43 

17.43 


© 2014 RAS, MNRAS 000,pTfT7l 


Kepler rotation hare-and-hounds 21 


180 

1.89 

5.44 

1.90 

33.43 

66.27 

0 

0.48 

16.72 

0.75 

3.38 

5561260 

26.51 

21.65 

32.09 

181 

1.94 

1.92 

0.31 

14.30 

42.40 

0 

0.93 

27.9 

0.84 

8.20 

5564330 

35.23 

31.33 

39.91 

182 

0.49 

5.16 

1.45 

37.24 

67.42 

1 

0.68 

1.96 

0.11 

4.53 

5609930 

2.08 

2.04 

2.14 

183 

2.49 

2.67 

0.20 

26.85 

52.55 

0 

0.8 

30.01 

0.16 

1.71 

5617810 

31.97 

31.13 

32.93 

184 

0.62 

3.16 

0.44 

29.60 

75.62 

0 

0.45 

36.54 

0.00 

1.06 

5621410 

36.54 

36.54 

36.54 

185 

0.74 

3.97 

0.47 

19.89 

61.68 

0 

0.76 

30.45 

0.37 

1.38 

5622670 

36.46 

33.20 

40.38 

186 

0.50 

4.06 

0.26 

13.40 

71.27 

0 

0.23 

31.51 

0.23 

3.05 

5622860 

35.97 

33.61 

38.38 

187 

0.52 

2.81 

0.88 

32.54 

78.54 

0 

0.61 

34.49 

0.54 

5.32 

5702080 

54.74 

42.39 

66.26 

188 

0.85 

4.04 

0.17 

5.47 

38.99 

1 

0.1 

15.56 

0.19 

2.30 

5707800 

16.29 

15.77 

16.76 

189 

0.44 

5.30 

0.95 

18.67 

79.73 

0 

0.97 

13.43 

0.00 

7.09 

5710420 

13.43 

13.43 

13.43 

190 

0.51 

1.02 

0.78 

9.08 

66.01 

1 

0.26 

5.81 

0.97 

6.53 

5721810 

14.30 

7.20 

25.72 

191 

1.76 

1.09 

2.05 

27.10 

44.66 

0 

0.64 

9.33 

0.00 

3.33 

5723860 

9.33 

9.33 

9.33 

192 

1.00 

2.06 

0.14 

30.55 

74.63 

0 

0.93 

21.54 

0.00 

1.04 

5731870 

21.54 

21.54 

21.54 

193 

0.88 

3.80 

0.73 

14.28 

29.88 

0 

0.14 

37.64 

0.23 

4.50 

5790860 

39.00 

38.52 

39.61 

194 

0.93 

1.81 

0.12 

10.15 

64.01 

0 

0.74 

8.2 

0.00 

8.72 

5790920 

8.20 

8.20 

8.20 

195 

2.89 

2.80 

0.94 

1.92 

39.50 

0 

0.4 

33.79 

0.00 

2.55 

5792240 

33.79 

33.79 

33.79 

196 

0.55 

3.57 

0.26 

24.19 

77.99 

1 

0.97 

41.75 

0.00 

8.44 

5795130 

41.75 

41.75 

41.75 

197 

0.56 

2.21 

0.67 

6.50 

65.48 

1 

0.5 

18.41 

0.00 

2.03 

5806610 

18.41 

18.41 

18.41 

198 

1.48 

2.17 

0.19 

3.66 

49.14 

1 

0.84 

41.28 

0.41 

3.82 

5816510 

46.49 

41.91 

52.41 

199 

0.67 

7.28 

1.75 

20.15 

73.78 

0 

0.98 

14.47 

0.00 

7.05 

5817860 

14.47 

14.47 

14.47 

200 

0.73 

2.48 

0.72 

32.72 

59.51 

0 

0.93 

28.47 

0.18 

1.14 

5820240 

31.08 

29.89 

32.38 

201 

1.39 

5.90 

0.12 

4.54 

66.73 

0 

0.38 

11.68 

0.00 

1.04 

5822120 

11.68 

11.68 

11.68 

202 

0.81 

2.66 

0.13 

18.14 

54.20 

0 

0.45 

33.09 

0.25 

1.03 

5869020 

36.94 

34.91 

39.00 

203 

0.68 

1.08 

0.45 

1.05 

44.78 

1 

0.68 

45.47 

0.10 

4.03 

5871790 

46.41 

45.59 

47.38 

204 

0.40 

1.20 

0.34 

37.48 

62.01 

1 

0.85 

25.47 

0.00 

1.94 

5872700 

25.47 

25.47 

25.47 

205 

1.53 

1.04 

0.23 

27.88 

69.47 

0 

0.52 

48.44 

0.25 

3.10 

5876080 

56.71 

52.72 

60.74 

206 

0.43 

6.91 

0.47 

27.53 

65.59 

0 

0.83 

48.96 

0.17 

2.63 

5876880 

51.67 

50.61 

52.70 

207 

0.78 

1.25 

0.32 

9.37 

70.06 

0 

0.52 

46.7 

0.00 

2.32 

5879440 

46.70 

46.70 

46.70 

208 

0.53 

5.55 

0.78 

6.78 

72.36 

0 

0.93 

35.35 

0.00 

1.72 

5879850 

35.35 

35.35 

35.35 

209 

2.89 

9.72 

0.94 

3.22 

67.52 

0 

0.74 

33.84 

0.36 

4.08 

5880280 

40.85 

37.28 

45.04 

210 

1.67 

3.08 

2.77 

2.91 

66.16 

0 

0.26 

11.49 

0.00 

3.31 

5880830 

11.49 

11.49 

11.49 

211 

1.59 

4.67 

0.38 

1.28 

68.25 

0 

0.87 

13.88 

0.53 

3.19 

5891580 

17.14 

14.72 

20.46 

212 

2.44 

3.22 

0.37 

31.16 

77.12 

0 

0.73 

26.81 

0.27 

2.92 

5891770 

32.31 

29.33 

35.32 

213 

0.47 

7.46 

1.35 

30.74 

68.13 

0 

0.58 

38.09 

0.15 

6.12 

5894980 

40.44 

39.41 

41.26 

214 

1.73 

1.26 

0.15 

9.87 

62.00 

1 

0.78 

9.25 

0.43 

1.04 

5895070 

11.22 

9.55 

13.39 

215 

0.47 

6.10 

1.74 

13.68 

49.61 

0 

0.88 

24.22 

0.16 

8.45 

5902650 

25.46 

24.92 

26.07 

216 

0.84 

3.89 

0.16 

0.75 

72.84 

0 

0.78 

17.39 

0.60 

4.92 

5952380 

24.25 

18.69 

31.00 

217 

2.30 

5.43 

0.29 

37.54 

51.92 

0 

0.88 

16.63 

0.17 

9.74 

5954970 

17.61 

17.21 

18.00 

218 

1.42 

1.12 

0.43 

21.68 

66.29 

0 

0.63 

33.99 

0.24 

1.81 

5960270 

38.69 

35.96 

41.29 

219 

1.25 

7.37 

0.10 

17.35 

61.73 

0 

0.86 

18.42 

0.00 

2.48 

5980660 

18.42 

18.42 

18.42 

220 

1.07 

2.40 

0.17 

36.82 

68.10 

0 

0.42 

33.52 

0.00 

4.28 

5985680 

33.52 

33.52 

33.52 

221 

2.81 

2.87 

0.37 

0.30 

78.02 

0 

0.11 

10.28 

0.00 

5.54 

6028870 

10.28 

10.28 

10.28 

222 

0.83 

9.65 

1.05 

35.15 

57.25 

0 

0.59 

16.84 

0.53 

4.07 

6032360 

21.08 

19.42 

22.89 

223 

1.79 

8.32 

0.92 

27.71 

71.10 

0 

0.13 

21.08 

0.32 

4.41 

6032870 

24.41 

22.41 

28.92 

224 

1.03 

2.31 

1.00 

15.32 

61.13 

0 

0.72 

28.89 

0.77 

3.33 

6032970 

45.93 

34.88 

59.25 

225 

1.40 

5.09 

0.42 

16.56 

70.56 

1 

0.21 

40.11 

0.22 

3.55 

6038780 

46.06 

42.22 

49.42 

226 

0.92 

7.86 

0.56 

2.03 

75.59 

1 

0.75 

10.55 

0.00 

7.53 

6046020 

10.55 

10.55 

10.55 

227 

0.82 

6.31 

0.37 

19.50 

72.98 

0 

0.75 

11.62 

0.00 

9.08 

6046270 

11.62 

11.62 

11.62 

228 

0.88 

4.56 

0.98 

8.56 

64.99 

0 

0.87 

44.45 

0.22 

1.85 

6048300 

48.18 

45.72 

50.78 

229 

0.72 

3.57 

1.47 

39.08 

78.70 

0 

0.62 

18.96 

0.00 

5.30 

6056770 

18.96 

18.96 

18.96 

230 

0.35 

4.63 

1.45 

23.22 

73.24 

0 

0.32 

41.37 

0.61 

3.00 

6058800 

69.31 

55.54 

87.13 

231 

1.33 

8.53 

1.01 

39.01 

63.26 

0 

0.75 

29.98 

0.00 

4.87 

6064460 

29.98 

29.98 

29.98 

232 

0.50 

2.99 

0.33 

33.32 

79.95 

0 

0.83 

13.83 

0.51 

2.72 

6127180 

20.70 

16.05 

25.81 

233 

0.53 

5.66 

0.33 

27.44 

64.66 

0 

0.97 

28.42 

0.32 

3.32 

6127520 

33.86 

31.53 

36.44 

234 

0.35 

6.60 

1.41 

15.66 

59.92 

0 

0.69 

3.68 

0.54 

8.20 

6128330 

4.49 

4.06 

5.01 

235 

0.93 

2.52 

0.84 

9.83 

56.28 

1 

0.47 

22.67 

0.28 

4.84 

6129540 

25.43 

23.11 

27.52 

236 

0.76 

2.00 

0.59 

7.09 

74.13 

0 

0.36 

10.58 

0.00 

2.33 

6131470 

10.58 

10.58 

10.58 

237 

0.84 

1.77 

0.11 

35.41 

69.70 

0 

0.48 

7.93 

0.24 

6.23 

6131690 

9.20 

8.60 

9.71 

238 

2.99 

3.71 

0.10 

23.04 

68.59 

1 

0.42 

37.13 

0.28 

4.54 

6141440 

43.95 

39.80 

48.04 

239 

0.41 

6.51 

0.14 

16.27 

64.21 

0 

0.69 

12.77 

0.00 

3.85 

6143100 

12.77 

12.77 

12.77 

240 

0.34 

2.18 

0.21 

28.25 

60.02 

0 

0.86 

41.36 

0.10 

1.80 

6143910 

43.40 

42.49 

44.35 

241 

0.95 

2.59 

0.76 

28.99 

59.00 

0 

0.82 

32.4 

0.79 

8.67 

6144010 

51.12 

39.54 

65.19 


© 2014 RAS, MNRAS 000,[iHT7l 


22 


S. Aigrain et al. 


242 

0.98 

3.73 

1.21 

1.58 

65.32 

0 

0.6 

20.38 

0.00 

3.84 

6199850 

20.38 

20.38 

20.38 

243 

1.36 

1.97 

0.10 

11.85 

64.87 

0 

0.84 

33.66 

0.00 

3.39 

6199970 

33.66 

33.66 

33.66 

244 

0.74 

4.55 

1.44 

16.98 

79.17 

1 

0.75 

10.5 

0.19 

4.31 

6203790 

11.79 

10.82 

12.68 

245 

0.40 

7.73 

0.49 

36.99 

65.13 

0 

0.87 

10.85 

0.45 

7.18 

6204920 

14.37 

13.18 

15.91 

246 

0.35 

5.55 

0.64 

13.79 

70.93 

0 

0.6 

15.18 

0.16 

1.57 

6205740 

16.80 

16.04 

17.58 

247 

2.71 

3.91 

0.63 

13.73 

52.56 

0 

0.71 

18.95 

0.59 

2.78 

6212250 

23.29 

20.53 

26.46 

248 

0.52 

1.53 

0.57 

25.87 

68.92 

0 

0.7 

11.76 

0.46 

4.83 

6213210 

15.90 

13.43 

18.51 

249 

1.89 

1.36 

0.49 

37.82 

78.14 

0 

0.52 

21.07 

0.00 

4.73 

6213680 

21.07 

21.07 

21.07 

250 

0.39 

8.20 

0.13 

13.79 

42.12 

0 

0.74 

35.45 

0.00 

1.94 

6219920 

35.45 

35.45 

35.45 

251 

0.83 

5.13 

1.25 

19.56 

67.87 

0 

0.79 

13.57 

0.38 

2.87 

6227200 

16.57 

15.03 

18.38 

252 

2.83 

4.34 

0.32 

27.16 

59.03 

0 

0.61 

12.04 

0.17 

2.73 

6231940 

12.99 

12.54 

13.46 

253 

0.83 

1.38 

0.13 

16.59 

72.74 

0 

0.28 

40.2 

0.00 

8.55 

6271120 

40.20 

40.20 

40.20 

254 

2.04 

1.05 

2.08 

4.24 

63.74 

0 

0.35 

22.91 

0.83 

7.44 

6278610 

39.75 

28.78 

53.74 

255 

2.87 

6.03 

0.32 

38.29 

65.11 

1 

0.93 

11.43 

0.00 

2.80 

6290340 

11.43 

11.43 

11.43 

256 

1.53 

8.10 

0.39 

26.93 

65.24 

0 

0.54 

44.44 

0.12 

2.87 

6293600 

46.27 

45.48 

46.95 

257 

0.63 

2.30 

1.52 

16.14 

42.92 

0 

0.79 

19.29 

0.69 

2.55 

6308690 

23.66 

21.41 

26.15 

258 

0.91 

1.44 

0.24 

2.99 

54.32 

0 

0.91 

32.56 

0.36 

5.73 

6310290 

36.94 

33.86 

40.10 

259 

0.84 

2.34 

0.42 

15.90 

54.59 

0 

0.89 

21.47 

0.16 

8.64 

6358900 

22.80 

22.10 

23.62 

260 

0.38 

2.23 

1.33 

5.37 

73.74 

0 

0.31 

28.56 

0.00 

5.92 

6363220 

28.56 

28.56 

28.56 

261 

0.48 

1.29 

0.15 

13.39 

76.69 

0 

0.55 

29.4 

0.00 

2.17 

6364250 

29.40 

29.40 

29.40 

262 

1.18 

2.31 

0.67 

31.48 

77.50 

0 

0.35 

34.12 

0.31 

2.39 

6367260 

43.36 

39.10 

47.03 

263 

0.90 

5.26 

1.23 

18.92 

45.60 

0 

0.85 

20.92 

0.41 

1.35 

6367390 

24.14 

22.86 

25.51 

264 

0.50 

5.68 

1.87 

1.24 

39.95 

0 

0.65 

33.72 

0.46 

7.60 

6371890 

37.49 

35.43 

39.71 

265 

2.70 

4.46 

0.24 

19.56 

52.36 

0 

0.83 

11.08 

0.46 

6.16 

6373220 

13.15 

12.08 

14.36 

266 

1.22 

1.11 

0.28 

11.71 

67.08 

0 

0.75 

18.04 

0.97 

1.59 

6388180 

35.32 

21.52 

56.52 

267 

2.04 

8.70 

2.50 

5.00 

55.15 

1 

0.12 

4.3 

0.11 

1.54 

6437620 

4.51 

4.37 

4.63 

268 

2.75 

5.03 

1.23 

13.16 

54.32 

0 

0.72 

26.71 

0.00 

1.51 

6441670 

26.71 

26.71 

26.71 

269 

0.33 

2.29 

0.13 

17.83 

79.88 

0 

0.41 

14.22 

0.00 

1.18 

6441990 

14.22 

14.22 

14.22 

270 

0.39 

1.18 

0.47 

39.39 

77.60 

1 

0.93 

21.62 

0.00 

9.54 

6443820 

21.62 

21.62 

21.62 

271 

1.17 

9.25 

0.16 

22.82 

73.21 

1 

0.61 

10.93 

0.28 

5.34 

6445050 

12.98 

11.59 

14.47 

272 

0.48 

5.03 

1.15 

34.49 

71.93 

0 

0.84 

13 

0.00 

1.02 

6446260 

13.00 

13.00 

13.00 

273 

3.07 

8.68 

0.55 

8.27 

67.44 

0 

0.49 

14.74 

0.00 

4.98 

6447340 

14.74 

14.74 

14.74 

274 

0.70 

4.69 

1.08 

34.25 

68.31 

0 

0.56 

45.57 

0.78 

3.18 

6447450 

79.20 

57.61 

109.05 

275 

0.96 

4.25 

1.07 

3.88 

61.40 

1 

0.73 

15.37 

0.17 

4.55 

6467890 

16.47 

15.52 

17.48 

276 

0.90 

2.93 

1.20 

19.23 

56.53 

0 

0.09 

18.36 

0.31 

6.86 

6523760 

21.15 

19.73 

22.72 

277 

0.33 

2.50 

0.11 

36.89 

79.99 

1 

0.56 

43.21 

0.00 

2.91 

6524080 

43.21 

43.21 

43.21 

278 

1.00 

4.24 

1.65 

12.83 

75.95 

0 

0.48 

1.07 

0.36 

4.90 

6525230 

1.37 

1.21 

1.53 

279 

1.45 

9.80 

0.32 

22.72 

68.54 

1 

0.67 

13.21 

0.13 

1.65 

6525710 

14.17 

13.57 

14.76 

280 

0.70 

3.44 

0.17 

16.19 

69.97 

1 

0.33 

49.69 

0.00 

3.29 

6525880 

49.69 

49.69 

49.69 

281 

0.74 

8.17 

0.94 

18.33 

73.16 

0 

0.84 

30.88 

0.98 

1.41 

6526220 

77.61 

45.06 

130.18 

282 

0.35 

1.65 

1.36 

14.83 

42.73 

1 

0.96 

11.3 

0.47 

1.84 

6528460 

12.56 

11.72 

13.70 

283 

2.99 

9.42 

1.91 

7.45 

70.43 

0 

0.74 

2.56 

0.87 

2.65 

6530990 

6.51 

4.36 

9.16 

284 

0.53 

2.72 

0.21 

36.53 

74.95 

1 

0.88 

4.22 

0.15 

3.76 

6591080 

4.59 

4.44 

4.78 

285 

1.29 

7.96 

0.13 

38.42 

74.19 

0 

0.34 

14.51 

0.25 

3.06 

6593150 

16.20 

15.41 

16.90 

286 

0.71 

1.21 

0.90 

21.44 

51.57 

0 

0.88 

31.06 

1.00 

1.29 

6605850 

50.19 

38.26 

63.88 

287 

1.05 

2.69 

2.22 

10.08 

47.23 

0 

0.33 

18.18 

0.57 

2.09 

6606580 

22.40 

20.19 

24.90 

288 

0.47 

3.19 

0.34 

20.41 

71.15 

0 

0.87 

10.31 

0.00 

3.15 

6606660 

10.31 

10.31 

10.31 

289 

2.89 

1.69 

0.40 

29.41 

77.01 

0 

0.83 

17.43 

0.18 

2.21 

6610720 

19.44 

18.32 

20.64 

290 

1.73 

5.69 

0.14 

38.24 

62.05 

0 

0.43 

34.1 

0.13 

9.83 

6615990 

35.90 

35.22 

36.56 

291 

0.91 

2.95 

0.24 

34.01 

68.59 

1 

0.67 

10.52 

0.49 

6.21 

6619230 

14.33 

12.32 

16.98 

292 

1.99 

7.37 

0.12 

4.10 

61.96 

0 

0.84 

12.21 

0.15 

1.29 

6621100 

12.92 

12.52 

13.38 

293 

0.72 

1.83 

0.12 

11.65 

61.35 

0 

0.56 

42.73 

0.00 

5.30 

6664840 

42.73 

42.73 

42.73 

294 

1.49 

2.01 

0.39 

23.60 

62.52 

0 

0.72 

40.06 

0.12 

6.19 

6685650 

42.36 

41.26 

43.52 

295 

0.60 

2.90 

0.23 

23.78 

68.30 

0 

0.73 

46.68 

0.00 

2.31 

6690590 

46.68 

46.68 

46.68 

296 

1.42 

1.83 

1.61 

36.28 

70.59 

0 

0.99 

43.35 

0.00 

4.80 

6691320 

43.35 

43.35 

43.35 

297 

0.75 

2.89 

0.35 

28.69 

55.70 

0 

0.87 

32.74 

0.00 

1.73 

6695710 

32.74 

32.74 

32.74 

298 

1.80 

4.44 

2.87 

2.16 

72.46 

0 

0.96 

26.51 

0.00 

8.98 

6700140 

26.51 

26.51 

26.51 

299 

1.30 

1.44 

0.43 

14.47 

61.89 

1 

0.11 

26.17 

0.00 

3.73 

6721710 

26.17 

26.17 

26.17 

300 

1.09 

4.90 

0.30 

33.67 

69.20 

0 

0.16 

13.46 

0.83 

1.94 

6751870 

24.79 

17.83 

33.36 

301 

0.52 

1.44 

0.31 

39.14 

57.92 

0 

0.91 

22.82 

0.27 

3.78 

6752660 

26.01 

24.53 

27.36 

302 

0.43 

4.49 

0.18 

0.71 

34.49 

0 

0.53 

10.14 

0.40 

8.70 

6753130 

10.66 

10.26 

11.13 

303 

2.94 

3.44 

0.93 

34.82 

70.12 

1 

0.91 

30.02 

0.18 

6.42 

6765220 

32.95 

31.71 

34.59 


© 2014 RAS, MNRAS 000,[iHT7l 


Kepler rotation hare-and-hounds 23 


304 

0.33 

4.20 

0.13 

0.10 

34.55 

0 

0.85 

15.31 

0.00 

1.69 

6767570 

15.31 

15.31 

15.31 

305 

0.39 

2.19 

0.34 

14.79 

70.43 

0 

0.82 

13.34 

0.18 

8.29 

6777980 

14.72 

13.93 

15.51 

306 

0.56 

5.31 

0.40 

2.48 

77.66 

1 

0.62 

28.55 

0.21 

3.45 

6779970 

33.00 

29.45 

35.48 

307 

0.65 

1.40 

0.30 

11.22 

59.55 

0 

0.51 

11.16 

0.95 

1.23 

6783560 

20.02 

13.62 

28.55 

308 

2.92 

1.19 

0.54 

37.55 

78.83 

0 

0.64 

23.35 

0.13 

1.26 

6783640 

25.53 

24.57 

26.40 

309 

0.57 

5.51 

0.56 

4.82 

66.88 

0 

0.91 

17.49 

0.24 

1.66 

6783720 

18.93 

17.99 

19.99 

310 

1.41 

9.18 

1.92 

5.47 

58.19 

0 

0.93 

39.4 

0.00 

2.92 

6790400 

39.40 

39.40 

39.40 

311 

1.97 

1.50 

2.88 

24.02 

67.02 

0 

0.8 

38.4 

0.22 

4.00 

6792580 

43.65 

41.46 

46.03 

312 

0.82 

1.55 

0.58 

5.04 

58.29 

0 

0.7 

44.78 

0.00 

8.00 

6837380 

44.78 

44.78 

44.78 

313 

2.05 

1.10 

0.25 

5.58 

60.42 

0 

0.81 

18.13 

0.13 

1.88 

6850230 

19.01 

18.42 

19.70 

314 

0.47 

1.57 

2.83 

5.96 

76.26 

1 

0.8 

19.77 

0.11 

1.85 

6851780 

20.92 

19.92 

21.94 

315 

2.53 

2.99 

0.30 

14.83 

77.42 

0 

0.54 

30.54 

0.48 

2.66 

6860140 

43.68 

35.09 

52.86 

316 

1.18 

2.77 

0.53 

14.79 

74.38 

0 

0.99 

14.99 

0.31 

1.17 

6866230 

17.78 

16.17 

19.60 

317 

0.74 

1.12 

0.50 

0.26 

35.02 

0 

0.84 

2.48 

0.00 

1.13 

6869550 

2.48 

2.48 

2.48 

318 

2.30 

2.93 

0.42 

34.57 

55.77 

0 

0.85 

13.68 

0.41 

4.39 

6870240 

16.58 

15.10 

18.22 

319 

0.44 

7.64 

2.46 

11.46 

59.68 

1 

0.67 

32.37 

0.44 

1.14 

6871680 

39.11 

33.61 

45.70 

320 

2.22 

4.10 

2.04 

18.88 

44.05 

0 

0.71 

35.62 

0.32 

2.03 

6876460 

39.11 

37.70 

40.84 

321 

0.88 

6.32 

0.34 

0.29 

76.83 

1 

0.74 

3.73 

0.36 

7.95 

6877340 

4.66 

3.81 

5.52 

322 

2.43 

2.01 

0.56 

34.18 

78.30 

0 

0.71 

13.11 

0.64 

3.00 

6878090 

23.20 

17.61 

29.92 

323 

2.65 

1.95 

0.57 

4.08 

45.39 

0 

0.77 

1.41 

0.32 

5.92 

6880500 

1.52 

1.45 

1.60 

324 

1.74 

3.16 

0.79 

12.97 

79.94 

0 

0.48 

12.99 

0.00 

1.63 

6934090 

12.99 

12.99 

12.99 

325 

0.69 

2.36 

0.26 

4.16 

76.45 

0 

0.49 

14.73 

0.10 

9.70 

6935520 

15.68 

15.18 

16.14 

326 

1.55 

7.29 

2.17 

3.65 

41.44 

0 

0.83 

22.65 

0.00 

2.21 

6946460 

22.65 

22.65 

22.65 

327 

3.00 

2.14 

0.57 

2.01 

71.23 

0 

0.03 

34.44 

0.00 

9.93 

6946710 

34.44 

34.44 

34.44 

328 

0.84 

6.42 

0.96 

11.00 

78.91 

0 

0.7 

26.7 

0.00 

5.21 

6954930 

26.70 

26.70 

26.70 

329 

2.18 

7.35 

1.93 

30.54 

74.96 

0 

0.71 

14.95 

0.18 

1.69 

6965650 

17.16 

16.62 

17.68 

330 

0.76 

1.18 

0.20 

31.89 

79.09 

0 

0.85 

22.58 

0.00 

5.84 

6976750 

22.58 

22.58 

22.58 

331 

1.77 

3.02 

0.59 

37.15 

65.63 

0 

0.94 

16.8 

0.20 

3.02 

7026520 

18.60 

17.68 

19.54 

332 

1.81 

5.52 

0.12 

30.84 

75.23 

0 

0.85 

32.39 

0.57 

3.25 

7033580 

46.67 

38.44 

56.26 

333 

0.50 

2.57 

0.12 

9.65 

73.48 

0 

0.71 

36.41 

0.84 

9.77 

7034380 

74.91 

44.51 

112.71 

334 

0.36 

2.02 

2.63 

21.74 

49.57 

1 

0.77 

26.36 

0.00 

6.14 

7035030 

26.36 

26.36 

26.36 

335 

1.26 

5.74 

0.35 

26.17 

77.74 

0 

0.56 

11.15 

0.00 

1.52 

7038440 

11.15 

11.15 

11.15 

336 

1.81 

1.87 

1.13 

16.01 

72.67 

1 

0.95 

28.48 

0.00 

1.08 

7102090 

28.48 

28.48 

28.48 

337 

0.69 

1.93 

1.94 

25.53 

74.00 

0 

0.78 

10.16 

0.00 

2.66 

7103300 

10.16 

10.16 

10.16 

338 

1.05 

1.26 

2.35 

31.63 

77.19 

0 

0.89 

13.94 

0.00 

1.21 

7103440 

13.94 

13.94 

13.94 

339 

1.72 

4.49 

0.23 

7.63 

55.06 

0 

0.61 

11.95 

0.00 

3.28 

7104630 

11.95 

11.95 

11.95 

340 

0.86 

5.96 

1.32 

16.79 

43.85 

0 

0.2 

38.74 

0.18 

4.24 

7109370 

40.82 

39.95 

41.82 

341 

0.47 

8.65 

0.63 

11.53 

56.97 

0 

0.85 

42.38 

0.64 

5.53 

7118980 

51.79 

46.87 

57.66 

342 

2.29 

1.13 

0.49 

17.15 

75.16 

0 

0.18 

15.36 

0.44 

2.35 

7119960 

20.78 

17.70 

23.97 

343 

0.37 

2.31 

0.12 

35.38 

56.21 

0 

0.89 

19.34 

0.58 

1.46 

7121030 

26.41 

23.34 

30.18 

344 

1.12 

8.94 

2.30 

0.21 

75.09 

0 

0.68 

30.27 

0.00 

2.28 

7123220 

30.27 

30.27 

30.27 

345 

0.74 

5.89 

0.96 

37.45 

77.52 

0 

0.42 

11 

0.00 

2.92 

7128930 

11.00 

11.00 

11.00 

346 

1.87 

1.10 

0.13 

11.26 

46.55 

0 

0.7 

16.9 

0.22 

2.27 

7130810 

17.92 

17.31 

18.56 

347 

1.11 

1.20 

2.19 

7.91 

44.23 

0 

0.79 

10.26 

0.13 

1.37 

7177100 

10.60 

10.41 

10.81 

348 

2.52 

7.03 

2.94 

33.81 

70.84 

1 

0.36 

12.15 

0.00 

2.24 

7183690 

12.15 

12.15 

12.15 

349 

0.78 

7.78 

1.14 

38.99 

41.64 

0 

0.69 

39.69 

0.00 

2.23 

7185350 

39.69 

39.69 

39.69 

350 

2.68 

1.50 

0.19 

20.19 

61.20 

0 

0.49 

32.23 

0.00 

2.48 

7186700 

32.23 

32.23 

32.23 

351 

0.72 

4.65 

0.48 

15.94 

66.42 

0 

0.5 

11.63 

0.61 

6.16 

7192480 

16.83 

13.82 

20.35 

352 

1.48 

1.07 

2.74 

11.93 

26.64 

0 

0.95 

33.8 

0.94 

1.58 

7201640 

38.68 

36.94 

40.57 

353 

2.38 

4.06 

0.28 

0.20 

61.84 

0 

0.62 

30.47 

0.48 

5.64 

7204600 

37.06 

31.89 

43.66 

354 

2.56 

1.65 

2.34 

29.65 

71.57 

0 

0.74 

27.48 

0.17 

7.97 

7207420 

30.52 

29.06 

31.85 

355 

1.80 

1.12 

1.28 

19.02 

77.91 

1 

0.95 

24.77 

0.21 

1.25 

7207760 

27.66 

25.50 

30.26 

356 

2.36 

1.26 

2.65 

7.59 

55.50 

0 

0.91 

23.86 

0.00 

1.76 

7211200 

23.86 

23.86 

23.86 

357 

1.48 

4.36 

0.50 

14.44 

73.81 

0 

0.81 

39.1 

0.52 

3.13 

7212180 

52.62 

43.36 

63.16 

358 

3.14 

1.11 

0.17 

14.33 

43.68 

0 

0.43 

14.92 

0.48 

9.66 

7217300 

17.15 

15.96 

18.49 

359 

1.93 

2.55 

1.27 

22.94 

64.77 

0 

0.89 

18.97 

0.38 

3.01 

7255500 

23.05 

20.70 

25.78 

360 

0.42 

3.16 

0.83 

1.80 

31.35 

0 

0.78 

23.53 

0.19 

2.41 

7260320 

24.01 

23.66 

24.39 

361 

1.20 

6.32 

1.57 

4.31 

78.52 

0 

0.72 

19.45 

0.12 

4.81 

7267740 

20.63 

19.94 

21.39 

362 

2.99 

6.25 

0.52 

27.19 

63.65 

0 

0.48 

41.12 

0.00 

1.30 

7271040 

41.12 

41.12 

41.12 

363 

0.83 

1.07 

0.44 

7.18 

44.70 

1 

0.49 

28.3 

0.68 

3.10 

7271490 

34.34 

29.41 

40.66 

364 

1.73 

2.00 

0.18 

30.25 

60.84 

0 

0.67 

12.37 

0.27 

5.06 

7273550 

14.14 

13.29 

15.05 

365 

1.05 

6.44 

1.50 

19.67 

70.08 

0 

0.71 

3.9 

0.49 

9.59 

7294600 

5.66 

4.96 

6.43 


© 2014 RAS, MNRAS 000,[iHT7l 


24 


S. Aigrain et al. 


366 

2.67 

8.42 

0.28 

12.09 

43.01 

0 

0.8 

29.17 

0.18 

4.46 

7339470 

30.01 

29.61 

30.44 

367 

2.76 

6.10 

0.85 

23.45 

77.22 

1 

0.72 

20.56 

0.18 

2.15 

7347930 

23.00 

21.29 

24.64 

368 

0.91 

3.35 

0.24 

37.72 

74.98 

0 

0.89 

45.27 

0.22 

1.07 

7352480 

51.90 

48.54 

55.48 

369 

1.92 

1.93 

0.22 

32.13 

72.37 

0 

0.33 

19.41 

0.41 

1.87 

7367910 

25.99 

22.97 

29.33 

370 

0.51 

1.15 

2.87 

2.68 

73.09 

0 

0.52 

9.22 

0.00 

2.35 

7368870 

9.22 

9.22 

9.22 

371 

0.45 

1.92 

0.13 

7.37 

46.62 

0 

0.89 

45.66 

0.00 

1.61 

7374250 

45.66 

45.66 

45.66 

372 

0.54 

1.35 

0.74 

36.12 

68.30 

0 

0.99 

25.68 

0.00 

5.15 

7418480 

25.68 

25.68 

25.68 

373 

0.63 

7.14 

2.32 

9.58 

74.77 

0 

0.34 

38.48 

0.00 

1.32 

7418700 

38.48 

38.48 

38.48 

374 

1.77 

5.67 

0.26 

0.40 

49.65 

0 

0.85 

23 

0.00 

6.76 

7423060 

23.00 

23.00 

23.00 

375 

0.75 

3.02 

0.17 

27.27 

69.49 

0 

0.37 

14.04 

0.18 

8.91 

7426850 

15.61 

14.87 

16.30 

376 

0.71 

3.11 

1.49 

30.40 

73.05 

0 

0.74 

13.94 

0.44 

3.32 

7427430 

19.16 

16.15 

22.45 

377 

0.32 

8.59 

0.20 

14.60 

57.09 

0 

1 

10.44 

0.00 

1.93 

7431770 

10.44 

10.44 

10.44 

378 

0.69 

3.44 

0.52 

25.11 

66.00 

0 

0.99 

18.83 

0.00 

1.17 

7432550 

18.83 

18.83 

18.83 

379 

0.74 

1.31 

1.02 

30.93 

57.47 

0 

0.49 

2.55 

0.00 

2.53 

7434340 

2.55 

2.55 

2.55 

380 

0.77 

8.85 

0.68 

20.51 

58.98 

0 

0.98 

41.16 

0.10 

1.77 

7440310 

42.60 

42.02 

43.25 

381 

0.43 

4.41 

0.78 

18.56 

56.71 

0 

0.49 

16.36 

0.17 

2.25 

7440370 

17.46 

16.89 

18.03 

382 

2.14 

2.37 

0.25 

30.59 

71.92 

0 

0.99 

10.04 

0.66 

5.56 

7445880 

16.37 

12.49 

20.86 

383 

2.83 

5.95 

0.12 

32.60 

75.64 

1 

0.75 

39.1 

0.13 

1.15 

7446410 

42.31 

40.62 

44.29 

384 

0.41 

3.71 

0.75 

37.31 

63.62 

0 

0.61 

23.12 

0.66 

5.79 

7447540 

34.60 

28.42 

41.71 

385 

0.95 

3.91 

0.13 

12.62 

78.80 

1 

0.77 

16.69 

0.21 

7.92 

7451480 

18.85 

17.10 

20.64 

386 

0.45 

2.67 

2.79 

3.82 

74.34 

1 

0.72 

35.18 

0.00 

6.49 

7464190 

35.18 

35.18 

35.18 

387 

0.72 

4.90 

0.50 

9.64 

72.69 

0 

0.7 

44.63 

0.00 

2.23 

7464250 

44.63 

44.63 

44.63 

388 

0.47 

6.53 

0.38 

36.59 

79.89 

0 

0.19 

13.26 

0.00 

4.68 

7469850 

13.26 

13.26 

13.26 

389 

2.26 

3.93 

0.18 

5.64 

78.77 

0 

0.76 

23.01 

0.00 

7.89 

7503850 

23.01 

23.01 

23.01 

390 

0.76 

5.53 

0.13 

27.70 

66.35 

0 

0.9 

23.98 

0.14 

2.99 

7503940 

25.66 

24.87 

26.52 

391 

2.40 

8.00 

0.90 

30.34 

77.57 

0 

0.82 

3.17 

0.00 

1.32 

7516510 

3.17 

3.17 

3.17 

392 

0.40 

3.17 

1.02 

39.29 

78.34 

1 

0.34 

33.9 

0.52 

1.06 

7517920 

52.32 

44.16 

62.78 

393 

1.08 

5.62 

0.95 

8.66 

55.23 

0 

0.93 

18.51 

0.42 

6.28 

7533710 

21.37 

19.80 

23.30 

394 

0.46 

6.15 

0.54 

20.03 

77.74 

0 

0.8 

8.57 

0.24 

3.88 

7534270 

9.89 

9.22 

10.62 

395 

0.39 

4.95 

2.09 

31.62 

62.81 

0 

0.64 

10.05 

0.72 

3.17 

7586250 

16.72 

13.40 

21.15 

396 

2.91 

7.64 

0.13 

14.06 

58.18 

1 

0.18 

46.53 

0.10 

2.62 

7587880 

48.73 

47.21 

50.05 

397 

1.91 

2.64 

0.16 

2.30 

31.31 

0 

0.27 

28.56 

0.58 

3.47 

7594090 

30.99 

29.29 

33.33 

398 

0.53 

2.58 

0.95 

21.81 

52.40 

0 

0.18 

12.57 

0.10 

5.08 

7597130 

13.10 

12.87 

13.35 

399 

2.59 

1.71 

0.81 

21.63 

71.48 

1 

0.53 

28.64 

0.14 

2.90 

7604520 

30.97 

29.42 

32.35 

400 

0.66 

4.21 

0.70 

36.54 

78.65 

0 

0.82 

34.38 

0.21 

6.04 

7620110 

39.83 

37.17 

42.40 

401 

1.19 

6.67 

2.20 

5.57 

55.93 

1 

0.86 

36.69 

0.29 

5.73 

7624530 

40.31 

37.17 

44.20 

402 

2.30 

1.49 

2.31 

10.91 

65.08 

1 

0.42 

15.01 

0.00 

4.86 

7630840 

15.01 

15.01 

15.01 

403 

2.99 

2.44 

0.29 

8.12 

68.24 

1 

0.58 

48.31 

0.18 

1.38 

7662210 

53.18 

49.21 

56.64 

404 

1.15 

1.37 

0.16 

6.29 

45.24 

0 

0.46 

35 

0.35 

8.39 

7663790 

38.55 

36.34 

40.78 

405 

1.78 

4.37 

2.07 

24.25 

44.88 

0 

0.43 

22.19 

0.81 

1.23 

7672890 

30.25 

26.63 

34.49 

406 

0.46 

1.65 

0.24 

10.52 

66.92 

0 

0.78 

1.51 

0.00 

2.90 

7679420 

1.51 

1.51 

1.51 

407 

0.80 

1.37 

0.24 

17.35 

77.24 

1 

0.47 

15.86 

0.12 

1.06 

7680590 

17.16 

16.39 

17.80 

408 

1.14 

5.27 

2.43 

18.14 

63.87 

0 

0.53 

39.69 

0.00 

9.13 

7687580 

39.69 

39.69 

39.69 

409 

1.03 

3.26 

2.86 

20.82 

73.51 

1 

0.56 

40.55 

0.00 

4.34 

7687720 

40.55 

40.55 

40.55 

410 

1.07 

6.37 

0.33 

36.62 

54.02 

0 

0.64 

16.45 

0.22 

1.45 

7690680 

17.99 

17.35 

18.67 

411 

0.92 

1.48 

1.99 

32.97 

49.28 

0 

0.67 

14.31 

0.10 

8.37 

7691980 

14.90 

14.68 

15.11 

412 

2.91 

6.08 

2.48 

29.37 

78.67 

0 

0.93 

10.11 

0.00 

10.00 

7692110 

10.11 

10.11 

10.11 

413 

0.33 

5.28 

2.94 

3.69 

34.76 

0 

0.61 

18.27 

0.36 

5.46 

7696270 

19.40 

18.97 

20.14 

414 

1.04 

1.47 

0.17 

16.46 

72.62 

0 

0.94 

17.09 

0.00 

5.19 

7701080 

17.09 

17.09 

17.09 

415 

0.46 

6.02 

1.04 

2.18 

73.60 

0 

0.71 

19.57 

0.34 

1.09 

7703170 

23.19 

20.94 

25.93 

416 

2.46 

2.37 

2.01 

21.21 

63.94 

1 

0.62 

17.79 

0.00 

2.00 

7708860 

17.79 

17.79 

17.79 

417 

2.71 

3.49 

0.26 

15.18 

50.45 

0 

0.74 

27.96 

0.23 

3.70 

7732400 

30.10 

28.89 

31.44 

418 

0.50 

8.46 

1.56 

26.94 

78.96 

0 

0.78 

32.81 

0.73 

1.13 

7743750 

52.37 

41.67 

65.93 

419 

0.35 

1.76 

0.61 

13.90 

58.23 

0 

0.62 

3.83 

0.00 

2.96 

7744880 

3.83 

3.83 

3.83 

420 

0.92 

2.58 

0.11 

18.18 

54.07 

1 

0.61 

18.41 

0.24 

4.75 

7749950 

20.04 

19.00 

21.41 

421 

1.88 

3.37 

0.47 

25.77 

75.75 

0 

0.5 

29.14 

0.20 

4.10 

7750730 

33.19 

31.25 

35.02 

422 

2.39 

6.63 

0.16 

25.83 

57.86 

0 

0.59 

5.25 

0.68 

5.42 

7756340 

6.81 

6.02 

7.62 

423 

2.40 

4.23 

0.82 

21.46 

62.55 

0 

0.96 

14.08 

0.00 

5.60 

7757560 

14.08 

14.08 

14.08 

424 

0.42 

2.60 

0.43 

25.70 

75.21 

0 

0.93 

20.22 

0.12 

8.04 

7757860 

21.58 

20.74 

22.33 

425 

3.03 

1.10 

1.62 

28.11 

52.14 

0 

0.84 

50.02 

0.68 

5.37 

7801090 

68.37 

59.38 

78.44 

426 

0.86 

6.58 

0.45 

32.55 

67.11 

1 

0.81 

4.84 

0.00 

3.33 

7813560 

4.84 

4.84 

4.84 

427 

0.32 

6.33 

0.13 

10.27 

77.75 

0 

0.98 

14.46 

0.56 

6.60 

7816700 

17.66 

15.37 

22.21 


© 2014 RAS, MNRAS 000,[iHT7l 


Kepler rotation hare-and-hounds 25 


428 

1.52 

1.45 

0.13 

29.27 

79.18 

1 

0.74 

2.68 

0.00 

1.62 

7818960 

2.68 

2.68 

2.68 

429 

3.07 

7.14 

0.25 

8.22 

55.63 

0 

0.7 

45.45 

0.00 

1.87 

7826870 

45.45 

45.45 

45.45 

430 

0.47 

8.48 

0.91 

31.72 

74.24 

0 

0.58 

10.48 

0.72 

1.47 

7826970 

19.20 

14.68 

24.94 

431 

0.44 

7.22 

0.93 

21.94 

56.60 

0 

0.98 

19.99 

0.32 

3.56 

7827150 

22.01 

21.02 

23.13 

432 

1.72 

3.56 

0.33 

8.03 

79.06 

0 

0.82 

12.9 

0.16 

2.55 

7838640 

14.06 

13.30 

14.92 

433 

1.16 

6.12 

1.12 

8.86 

30.06 

0 

0.27 

12.19 

0.10 

6.56 

7849220 

12.31 

12.25 

12.39 

434 

1.08 

1.33 

0.39 

36.44 

66.81 

0 

0.62 

17.9 

0.35 

1.46 

7866910 

22.49 

20.28 

24.59 

435 

1.11 

3.68 

0.19 

23.82 

69.34 

0 

0.99 

15.3 

0.58 

7.67 

7868400 

21.52 

17.50 

26.02 

436 

2.39 

2.65 

0.44 

34.57 

73.24 

1 

0.81 

16.29 

0.32 

3.26 

7868750 

19.86 

18.14 

22.12 

437 

0.92 

3.59 

0.81 

13.66 

77.14 

1 

0.61 

7.61 

0.00 

1.05 

7869840 

7.61 

7.61 

7.61 

438 

0.52 

1.66 

0.19 

10.47 

77.81 

1 

0.51 

30.91 

0.38 

2.08 

7872180 

41.19 

34.05 

47.58 

439 

1.14 

4.42 

0.40 

36.19 

67.74 

0 

0.7 

15.09 

0.41 

8.33 

7878280 

19.14 

16.99 

21.36 

440 

0.40 

9.85 

0.11 

17.92 

74.06 

1 

0.88 

18.33 

0.27 

5.61 

7882280 

21.13 

19.02 

23.55 

441 

0.89 

5.44 

0.12 

12.50 

65.47 

0 

0.62 

14.68 

0.24 

1.81 

7891140 

16.48 

15.48 

17.74 

442 

1.20 

1.38 

0.15 

10.01 

51.67 

0 

0.58 

32.46 

0.18 

4.87 

7898130 

34.36 

33.27 

35.57 

443 

2.48 

4.08 

1.61 

20.93 

70.87 

0 

0.93 

14.76 

0.40 

4.99 

7899440 

18.56 

16.64 

20.84 

444 

2.32 

7.71 

0.39 

7.27 

70.43 

0 

0.72 

14.47 

0.00 

3.27 

7916160 

14.47 

14.47 

14.47 

445 

0.72 

2.01 

0.21 

37.01 

77.61 

0 

0.79 

12.3 

0.00 

2.39 

7935710 

12.30 

12.30 

12.30 

446 

0.89 

4.22 

0.54 

38.57 

55.31 

0 

0.73 

5.78 

0.19 

1.01 

7935720 

6.29 

6.06 

6.55 

447 

0.40 

1.61 

0.38 

0.33 

70.11 

0 

0.78 

18.14 

0.11 

2.93 

7943870 

19.16 

18.42 

19.73 

448 

1.10 

2.25 

2.49 

32.33 

77.66 

0 

0.67 

37.25 

0.00 

6.50 

7953750 

37.25 

37.25 

37.25 

449 

0.71 

2.10 

0.17 

30.72 

70.28 

0 

0.73 

43 

0.10 

7.70 

7956970 

45.65 

44.57 

46.83 

450 

0.34 

3.88 

0.91 

33.55 

55.20 

0 

0.61 

28.8 

0.36 

7.84 

7960030 

34.17 

31.70 

36.85 

451 

0.66 

1.29 

0.75 

17.03 

72.67 

0 

0.46 

29.79 

0.00 

6.97 

7970740 

29.79 

29.79 

29.79 

452 

0.42 

2.72 

0.21 

5.30 

73.40 

1 

0.3 

13.26 

0.28 

1.38 

7971320 

15.97 

14.15 

17.55 

453 

1.57 

1.06 

2.85 

38.13 

66.71 

0 

0.86 

34.31 

0.85 

1.34 

7971410 

75.34 

56.47 

103.26 

454 

2.82 

9.31 

0.24 

31.71 

66.70 

0 

0.53 

38.97 

0.00 

8.20 

7971890 

38.97 

38.97 

38.97 

455 

1.42 

4.74 

0.94 

29.94 

61.36 

0 

0.92 

15.09 

0.17 

2.75 

7985420 

16.25 

15.72 

16.77 

456 

1.02 

1.25 

3.06 

16.51 

77.39 

1 

0.18 

44.72 

0.20 

7.03 

7987440 

51.54 

47.56 

54.65 

457 

0.55 

7.77 

0.10 

37.22 

63.88 

0 

0.2 

27.1 

0.36 

9.14 

8004970 

30.74 

29.08 

31.63 

458 

0.54 

2.00 

0.21 

16.92 

69.21 

0 

0.22 

33.16 

0.79 

3.34 

8007680 

61.31 

43.33 

84.38 

459 

0.41 

3.97 

1.55 

3.26 

57.96 

0 

0.35 

12.36 

0.22 

1.02 

8022040 

13.48 

12.70 

14.22 

460 

1.71 

4.05 

0.83 

37.40 

61.16 

0 

0.9 

2.17 

0.00 

3.00 

8024460 

2.17 

2.17 

2.17 

461 

0.32 

3.85 

2.15 

2.42 

78.45 

1 

0.56 

22.01 

0.18 

1.43 

8025010 

24.75 

22.53 

26.27 

462 

0.49 

4.46 

0.48 

26.86 

56.53 

0 

0.85 

45.08 

1.00 

3.12 

8025970 

79.94 

59.12 

105.26 

463 

0.96 

3.96 

0.11 

37.80 

55.83 

1 

0.77 

14.83 

0.00 

5.20 

8038720 

14.83 

14.83 

14.83 

464 

0.69 

1.65 

1.82 

20.95 

75.86 

0 

0.58 

12.76 

0.50 

3.95 

8047520 

18.43 

15.41 

21.50 

465 

0.62 

3.62 

0.27 

23.69 

75.71 

0 

0.06 

43.78 

0.75 

1.06 

8076400 

85.28 

58.79 

115.72 

466 

3.08 

8.72 

0.66 

28.70 

77.29 

0 

0.89 

4.93 

0.36 

7.94 

8076420 

6.32 

5.77 

6.93 

467 

1.01 

3.91 

1.70 

6.13 

62.35 

0 

0.5 

45.41 

0.00 

1.14 

8078450 

45.41 

45.41 

45.41 

468 

2.62 

3.08 

0.76 

37.54 

76.45 

0 

0.32 

13.12 

0.16 

9.88 

8081030 

14.59 

13.91 

15.20 

469 

1.92 

1.19 

0.26 

36.28 

73.37 

1 

0.68 

31.77 

0.24 

2.53 

8093240 

36.90 

34.51 

39.69 

470 

1.33 

4.74 

0.16 

22.83 

65.26 

0 

0.35 

40 

0.81 

1.41 

8093600 

67.23 

50.83 

86.19 

471 

0.83 

1.08 

1.07 

36.75 

79.35 

0 

0.82 

21.3 

0.00 

1.62 

8099180 

21.30 

21.30 

21.30 

472 

0.39 

2.40 

0.10 

37.55 

71.82 

0 

0.71 

15.81 

0.10 

3.36 

8105820 

16.88 

16.43 

17.32 

473 

0.82 

9.03 

2.85 

24.48 

70.95 

1 

0.53 

32.43 

0.00 

6.29 

8107890 

32.43 

32.43 

32.43 

474 

2.84 

1.72 

0.21 

17.37 

36.42 

0 

0.83 

24.93 

0.85 

2.36 

8108920 

30.37 

27.90 

33.37 

475 

1.34 

4.45 

0.21 

13.90 

71.94 

0 

0.5 

45.61 

0.37 

7.88 

8111810 

55.92 

49.61 

62.20 

476 

0.87 

1.13 

0.84 

35.67 

74.83 

0 

0.82 

27.94 

0.00 

1.60 

8115190 

27.94 

27.94 

27.94 

477 

0.93 

3.07 

0.39 

17.59 

51.47 

1 

0.52 

17.84 

0.00 

9.04 

8121340 

17.84 

17.84 

17.84 

478 

2.57 

2.83 

0.10 

11.94 

78.94 

0 

0.35 

31.18 

0.13 

1.53 

8128530 

33.89 

32.47 

35.19 

479 

0.33 

3.55 

0.32 

33.02 

65.73 

0 

0.84 

31.09 

0.00 

3.06 

8128950 

31.09 

31.09 

31.09 

480 

0.51 

9.16 

2.39 

23.48 

73.30 

0 

0.61 

12.44 

0.00 

2.14 

8143100 

12.44 

12.44 

12.44 

481 

1.31 

5.15 

1.22 

9.14 

77.14 

0 

0.96 

15.31 

0.37 

1.53 

8151110 

18.30 

16.45 

20.66 

482 

0.44 

3.15 

1.96 

37.51 

57.68 

0 

0.54 

12.17 

0.75 

1.28 

8153500 

19.19 

15.86 

22.87 

483 

0.59 

1.91 

0.71 

7.08 

67.90 

0 

0.69 

22.56 

0.00 

1.36 

8155240 

22.56 

22.56 

22.56 

484 

1.70 

4.57 

1.03 

20.14 

77.04 

0 

0.09 

44.7 

0.00 

2.10 

8160610 

44.70 

44.70 

44.70 

485 

1.71 

4.33 

1.57 

23.95 

55.10 

0 

0.58 

48.68 

0.19 

5.50 

8164820 

53.07 

51.27 

55.19 

486 

0.69 

1.91 

0.88 

0.88 

57.35 

0 

0.55 

11.95 

0.12 

9.57 

8165580 

12.48 

12.14 

12.85 

487 

1.24 

1.38 

1.97 

21.48 

60.88 

1 

0.96 

23.86 

0.28 

1.78 

8172150 

26.72 

24.90 

28.99 

488 

0.85 

1.31 

0.96 

11.72 

72.05 

0 

0.96 

13 

0.00 

9.63 

8173720 

13.00 

13.00 

13.00 

489 

0.36 

1.23 

0.12 

29.63 

72.41 

0 

0.98 

33.26 

0.00 

1.65 

8174280 

33.26 

33.26 

33.26 


© 2014 RAS, MNRAS 000, [^{Tt] 


26 


S. Aigrain et al. 


490 

0.72 

1.07 

0.58 

23.75 

79.30 

0 

0.97 

16.56 

0.35 

2.34 

8176930 

20.44 

18.10 

22.97 

491 

0.47 

5.13 

0.94 

13.83 

53.00 

1 

0.09 

43.96 

0.22 

2.50 

8182160 

48.03 

45.39 

50.51 

492 

2.93 

4.41 

0.46 

18.91 

78.60 

0 

0.89 

19.18 

0.18 

4.41 

8197200 

21.07 

19.97 

22.23 

493 

1.37 

1.92 

1.84 

38.91 

68.80 

0 

0.78 

33.19 

0.00 

5.17 

8197610 

33.19 

33.19 

33.19 

494 

0.72 

2.74 

1.21 

37.89 

66.44 

1 

0.19 

16.45 

0.00 

5.09 

8212300 

16.45 

16.45 

16.45 

495 

1.71 

1.10 

0.42 

17.08 

52.09 

1 

0.33 

37.85 

0.37 

3.38 

8213360 

43.72 

39.78 

47.94 

496 

0.55 

8.64 

0.82 

30.30 

67.99 

0 

0.93 

34.66 

0.17 

4.84 

8218180 

36.55 

35.58 

39.15 

497 

0.46 

2.73 

0.59 

5.17 

71.84 

0 

0.89 

21.6 

0.17 

1.14 

8222160 

23.24 

22.14 

24.45 

498 

0.95 

1.39 

3.11 

4.72 

79.55 

0 

0.58 

10.91 

0.17 

1.86 

8231490 

12.30 

11.71 

12.89 

499 

1.07 

1.63 

0.21 

30.35 

69.78 

0 

0.64 

48.14 

0.29 

3.70 

8231780 

57.80 

52.81 

62.26 

500 

2.63 

6.88 

0.11 

16.33 

43.32 

0 

0.21 

29.27 

0.18 

1.10 

8233180 

30.65 

30.07 

31.28 

501 

0.43 

4.99 

1.15 

28.24 

64.72 

0 

0.47 

13.14 

0.00 

2.90 

8235390 

13.14 

13.14 

13.14 

502 

0.67 

6.02 

1.56 

35.60 

48.56 

0 

0.35 

15.42 

0.37 

4.80 

8235600 

17.95 

17.11 

18.89 

503 

0.50 

2.92 

0.13 

2.70 

72.90 

0 

0.31 

41.73 

0.11 

5.87 

8236020 

44.51 

42.97 

46.08 

504 

1.36 

5.65 

0.14 

26.68 

73.52 

0 

0.84 

14.65 

0.00 

2.55 

8244300 

14.65 

14.65 

14.65 

505 

0.52 

5.63 

0.10 

13.86 

65.46 

0 

0.57 

35.12 

0.00 

7.63 

8279150 

35.12 

35.12 

35.12 

506 

0.71 

8.78 

0.42 

12.24 

77.67 

0 

0.27 

32.47 

0.19 

7.75 

8283840 

36.01 

34.44 

37.60 

507 

2.49 

3.86 

1.26 

6.92 

34.97 

0 

0.59 

10.34 

0.38 

6.88 

8284090 

10.97 

10.62 

11.39 

508 

0.96 

3.15 

0.16 

22.74 

79.34 

0 

0.48 

35.8 

0.20 

2.70 

8307550 

41.15 

38.62 

43.71 

509 

2.57 

2.55 

0.41 

21.62 

55.62 

0 

0.38 

40.59 

0.00 

8.21 

8310220 

40.59 

40.59 

40.59 

510 

1.11 

1.74 

1.44 

36.65 

60.57 

0 

0.87 

47.65 

0.22 

1.74 

8313970 

53.06 

50.56 

55.61 

511 

0.45 

1.57 

0.40 

27.55 

68.25 

1 

0.86 

13.39 

0.14 

9.07 

8328100 

14.36 

13.84 

15.01 

512 

1.41 

5.84 

3.05 

31.00 

77.13 

0 

0.85 

23.44 

0.11 

1.33 

8330750 

25.31 

24.81 

25.86 

513 

1.94 

1.18 

2.58 

5.63 

69.20 

0 

0.92 

2.77 

0.85 

4.17 

8355710 

5.09 

3.52 

7.27 

514 

1.36 

1.27 

3.10 

7.63 

77.06 

0 

0.79 

17.42 

0.00 

7.22 

8358200 

17.42 

17.42 

17.42 

515 

0.55 

9.89 

2.36 

34.60 

61.62 

0 

0.6 

7.97 

0.00 

4.05 

8366980 

7.97 

7.97 

7.97 

516 

2.23 

3.63 

0.89 

39.07 

73.48 

0 

0.76 

15.17 

0.17 

7.90 

8367730 

16.86 

16.01 

17.70 

517 

0.95 

7.99 

3.14 

26.48 

57.06 

0 

0.91 

17.55 

0.18 

7.67 

8375280 

19.21 

18.72 

19.74 

518 

0.42 

1.83 

0.36 

7.21 

72.86 

0 

0.74 

46.12 

0.45 

2.12 

8377720 

59.95 

50.30 

73.26 

519 

0.74 

1.66 

0.15 

5.60 

69.23 

0 

0.54 

36.47 

0.69 

1.18 

8380740 

57.57 

41.79 

76.56 

520 

0.83 

4.68 

1.18 

29.40 

76.14 

0 

0.78 

10.15 

0.00 

6.49 

8386660 

10.15 

10.15 

10.15 

521 

0.39 

8.35 

0.81 

28.79 

79.96 

0 

0.7 

38.43 

0.00 

3.99 

8387900 

38.43 

38.43 

38.43 

522 

1.20 

5.24 

2.24 

6.72 

76.33 

0 

0.84 

10.36 

0.00 

1.30 

8391270 

10.36 

10.36 

10.36 

523 

0.34 

7.94 

1.94 

25.77 

79.38 

0 

0.8 

31.36 

0.00 

2.68 

8410380 

31.36 

31.36 

31.36 

524 

1.63 

1.89 

2.36 

10.69 

71.91 

0 

0.35 

10.24 

0.00 

9.05 

8411590 

10.24 

10.24 

10.24 

525 

1.19 

2.75 

2.36 

36.60 

77.47 

1 

0.96 

47.92 

0.00 

8.20 

8424460 

47.92 

47.92 

47.92 

526 

1.02 

3.68 

3.07 

24.71 

68.26 

0 

0.49 

46.17 

0.00 

9.09 

8429240 

46.17 

46.17 

46.17 

527 

2.18 

1.60 

0.43 

23.44 

55.84 

1 

0.9 

15.08 

0.27 

1.84 

8432110 

16.64 

15.77 

17.78 

528 

1.28 

3.82 

1.64 

20.79 

71.00 

1 

0.99 

10.31 

0.33 

7.28 

8443570 

12.23 

10.87 

14.04 

529 

0.56 

2.68 

1.59 

1.81 

57.02 

0 

0.85 

22.54 

0.29 

2.69 

8443970 

24.82 

23.24 

27.05 

530 

0.68 

8.26 

0.32 

19.97 

53.28 

1 

0.37 

25.28 

0.00 

1.29 

8457160 

25.28 

25.28 

25.28 

531 

0.40 

1.81 

0.13 

35.68 

55.08 

0 

0.91 

24.93 

0.67 

2.69 

8459610 

35.12 

29.21 

41.49 

532 

0.39 

5.92 

1.28 

23.15 

71.90 

0 

0.83 

41.51 

0.60 

3.33 

8459790 

56.35 

47.33 

68.89 

533 

1.35 

3.86 

1.43 

28.71 

72.62 

0 

0.89 

13.63 

0.00 

9.26 

8462420 

13.63 

13.63 

13.63 

534 

2.08 

7.26 

0.53 

14.01 

58.53 

0 

0.34 

16.49 

0.26 

6.39 

8474660 

18.28 

17.42 

19.17 

535 

2.16 

1.99 

2.05 

35.83 

69.90 

0 

0.86 

23.05 

0.58 

3.98 

8475340 

34.64 

27.83 

42.14 

536 

0.64 

3.93 

0.45 

38.39 

70.81 

1 

0.93 

42.1 

0.64 

6.59 

8479160 

64.67 

54.87 

80.41 

537 

2.61 

1.26 

0.89 

2.84 

65.41 

0 

0.91 

13.48 

0.00 

7.54 

8479200 

13.48 

13.48 

13.48 

538 

2.67 

9.46 

0.51 

19.89 

64.95 

1 

0.4 

34.84 

0.22 

2.03 

8489250 

39.10 

36.30 

41.83 

539 

0.35 

2.23 

2.25 

35.80 

62.25 

0 

0.24 

34.32 

0.35 

8.10 

8517930 

42.10 

38.58 

45.43 

540 

0.44 

1.26 

2.78 

31.55 

58.56 

1 

0.32 

35.31 

0.41 

9.41 

8526430 

43.37 

39.71 

48.17 

541 

0.73 

4.67 

1.00 

2.51 

41.74 

0 

0.76 

14.31 

0.14 

4.68 

8538830 

14.68 

14.44 

14.99 

542 

0.47 

1.77 

0.48 

13.62 

73.73 

0 

0.93 

14.53 

0.19 

4.85 

8545680 

16.02 

15.20 

16.99 

543 

0.50 

1.35 

0.19 

23.81 

64.31 

0 

0.62 

10.82 

0.00 

4.14 

8548410 

10.82 

10.82 

10.82 

544 

0.36 

3.04 

0.49 

25.60 

75.63 

1 

0.91 

32.96 

0.31 

3.42 

8552830 

39.24 

35.20 

44.72 

545 

1.34 

1.88 

0.94 

22.66 

62.25 

0 

0.74 

32.09 

0.00 

4.74 

8555590 

32.09 

32.09 

32.09 

546 

1.18 

5.32 

0.87 

22.10 

63.50 

0 

0.31 

41.27 

0.30 

2.21 

8558280 

47.66 

44.67 

50.81 

547 

0.53 

3.17 

1.03 

23.22 

68.83 

1 

0.92 

37.91 

0.30 

1.32 

8560130 

44.13 

40.18 

48.93 

548 

0.67 

6.06 

3.00 

26.86 

73.14 

1 

0.87 

4.78 

0.00 

1.58 

8572280 

4.78 

4.78 

4.78 

549 

1.60 

1.27 

0.68 

27.03 

59.03 

0 

0.94 

15.64 

0.00 

7.95 

8582240 

15.64 

15.64 

15.64 

550 

0.40 

1.68 

2.84 

25.74 

74.28 

0 

0.41 

19.86 

0.26 

1.07 

8590240 

23.98 

22.20 

25.61 

551 

0.36 

1.70 

0.42 

2.64 

75.84 

0 

0.59 

42.54 

0.35 

1.13 

8607860 

52.63 

45.32 

59.95 


© 2014 RAS, MNRAS 000,pTfT7l 


Kepler rotation hare-and-hounds 27 


552 

1.80 

4.76 

0.12 

36.03 

70.28 

0 

0.95 

23.97 

0.00 

4.32 

8607940 

23.97 

23.97 

23.97 

553 

0.42 

2.07 

0.55 

5.51 

41.24 

0 

0.27 

11.64 

0.20 

2.89 

8612200 

12.18 

11.84 

12.50 

554 

0.70 

2.83 

1.67 

37.24 

46.93 

0 

0.22 

22.81 

0.00 

4.18 

8612960 

22.81 

22.81 

22.81 

555 

1.32 

2.35 

0.14 

26.33 

71.75 

1 

0.92 

22.42 

0.62 

5.20 

8623600 

32.32 

25.67 

42.45 

556 

2.85 

7.79 

0.41 

12.55 

34.17 

0 

0.62 

40.31 

0.16 

5.90 

8637980 

41.22 

40.85 

41.63 

557 

0.40 

2.61 

2.04 

24.47 

69.53 

0 

0.33 

13.65 

0.64 

1.39 

8650210 

22.23 

17.03 

28.52 

558 

0.59 

3.84 

1.07 

34.29 

55.45 

0 

0.98 

15.06 

0.00 

8.56 

8672500 

15.06 

15.06 

15.06 

559 

0.70 

9.96 

1.08 

32.06 

51.52 

0 

0.93 

1.56 

0.17 

1.72 

8674320 

1.69 

1.65 

1.72 

560 

0.92 

2.55 

0.27 

25.18 

76.07 

1 

0.89 

19.29 

0.15 

4.97 

8676060 

20.95 

19.97 

22.17 

561 

0.32 

7.67 

0.50 

23.58 

78.00 

0 

0.54 

16.14 

0.18 

1.36 

8681340 

17.50 

16.85 

18.09 

562 

0.35 

5.44 

0.83 

15.24 

71.73 

0 

0.46 

35.41 

0.00 

8.81 

8681530 

35.41 

35.41 

35.41 

563 

0.68 

7.57 

0.95 

33.25 

68.78 

1 

0.47 

13.82 

0.00 

2.20 

8686680 

13.82 

13.82 

13.82 

564 

2.64 

7.92 

0.18 

25.36 

60.51 

0 

0.8 

1.56 

0.00 

6.69 

8695350 

1.56 

1.56 

1.56 

565 

1.37 

9.86 

0.46 

25.06 

79.56 

0 

0.97 

16.16 

0.33 

1.69 

8702180 

21.73 

20.15 

23.22 

566 

0.94 

7.98 

0.17 

16.00 

78.13 

0 

0.97 

50.06 

0.00 

4.67 

8737300 

50.06 

50.06 

50.06 

567 

1.94 

7.02 

0.13 

39.11 

69.77 

0 

0.13 

11.65 

0.28 

2.21 

8741330 

13.69 

12.82 

14.56 

568 

2.71 

9.27 

0.13 

1.41 

49.63 

0 

0.83 

28.31 

0.61 

5.44 

8741340 

30.43 

28.52 

31.82 

569 

0.79 

1.84 

1.00 

16.77 

69.13 

1 

0.87 

41.15 

0.89 

1.92 

8749960 

80.21 

45.41 

140.18 

570 

0.41 

2.17 

0.25 

33.30 

77.26 

0 

0.25 

41.11 

0.55 

3.76 

8757030 

65.33 

55.21 

77.66 

571 

2.15 

4.99 

0.40 

18.48 

74.54 

0 

0.98 

28.44 

0.36 

1.85 

8771730 

33.39 

30.37 

36.77 

572 

1.97 

1.14 

1.88 

12.26 

76.69 

0 

0.62 

39.5 

0.17 

6.11 

8801530 

44.02 

41.76 

46.01 

573 

1.98 

1.22 

0.56 

2.74 

45.25 

0 

0.65 

21.53 

0.45 

4.83 

8808080 

23.75 

22.23 

25.77 

574 

1.65 

1.65 

2.68 

34.28 

68.60 

1 

0.59 

2.63 

0.11 

8.89 

8808400 

2.80 

2.72 

2.89 

575 

1.03 

4.45 

0.18 

0.40 

47.11 

0 

0.79 

26.92 

0.53 

5.17 

8822180 

30.53 

27.82 

34.39 

576 

0.91 

1.73 

0.23 

27.18 

79.77 

1 

0.26 

17.7 

0.36 

2.50 

8832160 

23.57 

19.96 

26.73 

577 

2.47 

7.32 

0.18 

23.40 

59.78 

0 

0.29 

26.46 

0.00 

2.03 

8836320 

26.46 

26.46 

26.46 

578 

0.39 

7.37 

0.44 

14.86 

69.31 

0 

0.97 

12.39 

0.17 

2.45 

8869290 

13.18 

12.69 

13.64 

579 

1.02 

1.53 

0.86 

28.60 

58.52 

0 

0.99 

36.12 

0.29 

1.56 

8870140 

41.15 

38.78 

43.96 

580 

2.08 

1.30 

0.25 

19.90 

38.21 

1 

0.92 

47.85 

0.12 

2.50 

8871220 

49.02 

48.55 

49.68 

581 

1.71 

1.64 

0.15 

34.19 

76.85 

0 

0.96 

35.29 

0.22 

9.77 

8872160 

40.25 

37.59 

42.98 

582 

0.35 

2.63 

0.12 

1.01 

66.41 

0 

0.58 

1.44 

0.27 

3.56 

8885010 

1.65 

1.50 

1.79 

583 

0.54 

5.93 

0.57 

23.32 

64.16 

0 

0.95 

36.56 

0.39 

9.61 

8934850 

44.14 

40.45 

48.27 

584 

2.87 

3.22 

0.72 

22.41 

79.15 

0 

0.46 

21.07 

0.00 

2.86 

8938260 

21.07 

21.07 

21.07 

585 

0.87 

1.71 

3.12 

4.35 

60.91 

0 

0.22 

21.08 

0.00 

2.31 

8939570 

21.08 

21.08 

21.08 

586 

1.33 

4.06 

0.12 

16.40 

40.00 

1 

0.99 

13.68 

0.86 

2.54 

8939620 

16.54 

14.70 

19.15 

587 

2.91 

1.91 

0.19 

32.72 

72.44 

0 

0.86 

28.22 

0.53 

1.21 

8951950 

39.86 

33.38 

47.74 

588 

0.62 

2.40 

0.34 

38.87 

55.18 

0 

0.8 

16.78 

0.00 

3.75 

8952890 

16.78 

16.78 

16.78 

589 

0.50 

1.24 

2.42 

11.81 

55.23 

0 

1 

10.9 

0.31 

3.93 

8953000 

12.35 

11.60 

13.14 

590 

1.40 

2.61 

2.14 

17.20 

70.27 

0 

0.31 

42.48 

0.10 

1.38 

8960270 

45.08 

43.89 

46.27 

591 

2.07 

3.19 

0.11 

18.66 

73.58 

0 

0.9 

17.29 

0.11 

3.30 

8962280 

18.31 

17.73 

18.91 

592 

0.46 

1.78 

2.50 

10.72 

73.95 

0 

0.38 

22.52 

0.18 

2.64 

8979910 

25.30 

23.88 

26.47 

593 

1.15 

2.14 

1.30 

27.59 

77.14 

0 

0.45 

49.82 

0.45 

2.77 

9001850 

72.83 

60.95 

83.94 

594 

1.89 

1.10 

1.35 

12.66 

76.71 

0 

0.73 

14.59 

0.65 

8.61 

9006500 

24.26 

17.48 

32.35 

595 

0.89 

3.71 

1.50 

5.70 

57.39 

0 

0.88 

10.34 

0.58 

8.54 

9006860 

13.04 

11.31 

15.23 

596 

0.70 

3.62 

0.11 

2.40 

57.92 

0 

0.89 

19.18 

0.20 

2.64 

9012350 

20.39 

19.48 

21.45 

597 

1.03 

8.38 

1.40 

9.68 

74.11 

0 

0.88 

12.28 

0.38 

5.83 

9020110 

16.45 

14.95 

17.91 

598 

2.09 

4.05 

0.94 

22.26 

61.85 

0 

0.85 

4.6 

0.52 

5.58 

9084850 

5.89 

5.13 

6.76 

599 

1.31 

3.63 

0.80 

7.93 

75.65 

0 

0.78 

11.75 

0.76 

8.81 

9084980 

20.92 

13.79 

29.47 

600 

2.17 

1.94 

0.15 

2.68 

58.96 

0 

0.71 

10.32 

0.75 

4.89 

9096110 

14.15 

11.17 

18.47 

601 

0.68 

1.66 

0.14 

2.33 

45.31 

0 

0.78 

17.29 

0.00 

1.83 

9097480 

17.29 

17.29 

17.29 

602 

0.49 

1.66 

0.75 

35.96 

65.81 

0 

0.73 

13.04 

0.00 

1.47 

9097500 

13.04 

13.04 

13.04 

603 

1.81 

3.19 

0.54 

19.95 

78.64 

0 

0.99 

13.99 

0.26 

6.40 

9101750 

16.23 

14.82 

17.67 

604 

0.47 

1.48 

0.82 

1.17 

67.85 

0 

0.93 

20.67 

0.32 

1.09 

9138840 

23.68 

21.51 

26.28 

605 

2.49 

1.95 

1.90 

21.32 

43.47 

0 

0.89 

12.3 

0.16 

8.11 

9140990 

12.91 

12.64 

13.18 

606 

0.47 

1.30 

0.30 

32.43 

72.73 

0 

0.4 

11.11 

0.99 

3.69 

9146790 

33.14 

17.37 

60.62 

607 

0.43 

1.39 

0.51 

36.49 

65.33 

0 

0.57 

28.5 

0.00 

1.36 

9152020 

28.50 

28.50 

28.50 

608 

0.76 

6.78 

1.35 

16.85 

74.14 

0 

0.3 

42.97 

0.00 

2.69 

9158300 

42.97 

42.97 

42.97 

609 

2.16 

8.10 

0.11 

39.57 

59.86 

0 

0.57 

30.46 

0.42 

1.20 

9166140 

40.48 

37.63 

43.30 

610 

2.13 

1.02 

0.11 

1.98 

68.75 

0 

0.32 

2.69 

0.00 

4.44 

9205210 

2.69 

2.69 

2.69 

611 

1.91 

1.38 

0.13 

33.64 

73.49 

0 

0.51 

41.94 

0.00 

2.23 

9209960 

41.94 

41.94 

41.94 

612 

2.76 

2.92 

0.12 

1.98 

79.83 

0 

0.61 

13.58 

0.77 

1.20 

9214500 

27.53 

16.10 

43.22 

613 

0.65 

4.25 

1.37 

34.84 

72.65 

0 

0.86 

12.76 

0.10 

4.16 

9222920 

13.58 

13.28 

13.92 


© 2014 RAS, MNRAS 000,[iHT7l 


28 


S. Aigrain et al. 


614 

0.75 

3.14 

1.48 

17.80 

41.29 

0 

0.95 

24.99 

0.91 

3.74 

9224420 

32.82 

29.13 

37.27 

615 

2.18 

9.54 

1.24 

15.68 

67.14 

0 

0.23 

14.9 

0.71 

6.75 

9241200 

23.67 

16.44 

34.84 

616 

2.07 

1.21 

1.91 

35.11 

71.94 

0 

0.5 

16.85 

0.18 

2.05 

9269960 

18.96 

18.07 

19.81 

617 

1.77 

5.79 

0.12 

13.08 

75.22 

0 

0.74 

25.41 

0.20 

3.71 

9271690 

27.51 

26.18 

28.85 

618 

0.33 

1.08 

0.19 

10.76 

43.47 

0 

0.34 

14.05 

0.00 

4.38 

9279270 

14.05 

14.05 

14.05 

619 

3.12 

6.82 

0.24 

5.90 

75.44 

0 

0.55 

39.85 

0.00 

2.09 

9290620 

39.85 

39.85 

39.85 

620 

0.33 

1.76 

0.10 

39.05 

69.44 

0 

0.31 

31.46 

0.36 

2.48 

9340940 

40.37 

36.64 

44.34 

621 

0.84 

2.16 

0.22 

31.64 

75.84 

0 

0.48 

5.31 

0.00 

1.56 

9345120 

5.31 

5.31 

5.31 

622 

0.42 

2.23 

3.04 

8.68 

71.86 

0 

0.8 

24.07 

0.50 

2.38 

9346210 

33.55 

27.88 

41.13 

623 

0.92 

1.09 

0.15 

4.34 

67.95 

1 

0.68 

7.46 

0.16 

1.96 

9350080 

8.08 

7.56 

8.57 

624 

3.05 

1.58 

2.52 

13.69 

62.65 

0 

0.56 

26.08 

0.47 

3.72 

9353420 

33.92 

29.41 

38.67 

625 

2.10 

5.39 

2.94 

29.86 

68.89 

0 

0.73 

10.76 

0.00 

2.25 

9369270 

10.76 

10.76 

10.76 

626 

0.42 

1.27 

0.38 

5.71 

72.92 

1 

0.66 

40.01 

0.59 

3.26 

9395930 

60.81 

42.61 

79.73 

627 

0.98 

6.62 

0.66 

11.01 

54.88 

1 

0.91 

13.55 

0.12 

8.84 

9396130 

14.09 

13.68 

14.55 

628 

0.60 

6.88 

0.22 

38.91 

76.06 

0 

0.57 

34.71 

0.00 

3.79 

9406830 

34.71 

34.71 

34.71 

629 

1.17 

3.26 

1.59 

11.70 

72.05 

0 

0.98 

1.17 

0.60 

4.37 

9411160 

1.65 

1.34 

2.07 

630 

0.77 

1.32 

1.58 

23.62 

75.47 

0 

0.75 

33.49 

0.00 

1.32 

9411780 

33.49 

33.49 

33.49 

631 

0.40 

2.79 

0.54 

21.28 

65.53 

1 

0.74 

42.75 

0.00 

8.76 

9414040 

42.75 

42.75 

42.75 

632 

0.56 

4.19 

2.48 

6.54 

66.31 

0 

0.29 

19.64 

0.56 

3.42 

9468750 

28.34 

23.62 

33.63 

633 

2.74 

1.75 

1.24 

13.53 

75.29 

0 

0.24 

32.16 

0.22 

3.96 

9468770 

37.05 

34.60 

39.47 

634 

0.90 

7.83 

1.70 

19.10 

71.86 

0 

0.78 

19.82 

0.00 

1.36 

9469560 

19.82 

19.82 

19.82 

635 

1.64 

7.53 

0.42 

38.09 

77.31 

0 

0.93 

22.24 

0.00 

3.35 

9513340 

22.24 

22.24 

22.24 

636 

2.83 

1.50 

0.29 

0.67 

53.82 

1 

0.87 

11.21 

0.13 

5.99 

9518150 

11.63 

11.27 

12.05 

637 

2.62 

1.88 

0.51 

13.09 

68.96 

0 

0.18 

39.71 

0.28 

4.82 

9528650 

46.53 

42.94 

50.37 

638 

0.44 

5.32 

0.24 

28.79 

71.57 

0 

0.89 

22.14 

0.53 

4.94 

9535520 

30.43 

25.95 

35.74 

639 

0.33 

2.57 

1.40 

25.09 

52.08 

0 

0.92 

8.53 

0.00 

9.67 

9570310 

8.53 

8.53 

8.53 

640 

0.77 

6.95 

0.11 

17.75 

73.08 

0 

0.58 

24.39 

0.39 

5.02 

9574240 

29.32 

25.81 

37.59 

641 

0.57 

1.27 

0.23 

11.88 

69.07 

0 

0.43 

11.73 

0.00 

5.27 

9580340 

11.73 

11.73 

11.73 

642 

2.41 

6.48 

0.59 

18.01 

76.90 

1 

0.93 

15.47 

0.13 

1.67 

9588970 

16.46 

15.73 

17.30 

643 

2.12 

1.09 

1.16 

4.64 

54.67 

0 

0.54 

26.27 

0.00 

2.31 

9592510 

26.27 

26.27 

26.27 

644 

1.52 

2.91 

0.33 

1.01 

64.91 

0 

0.98 

26.07 

0.21 

1.66 

9596250 

28.33 

26.60 

30.11 

645 

1.08 

3.78 

2.89 

27.10 

75.90 

1 

0.38 

14.15 

0.28 

2.23 

9611930 

17.12 

15.32 

18.82 

646 

0.46 

1.64 

0.18 

5.74 

71.39 

1 

0.49 

12.3 

0.81 

1.16 

9630660 

25.56 

14.16 

40.95 

647 

0.42 

4.90 

0.85 

29.64 

74.68 

0 

0.45 

14.69 

0.00 

1.01 

9639280 

14.69 

14.69 

14.69 

648 

1.03 

8.93 

1.58 

16.53 

74.94 

1 

0.92 

16.6 

0.50 

3.03 

9649530 

22.15 

17.68 

28.08 

649 

0.67 

2.58 

0.31 

1.75 

42.38 

0 

0.77 

8.62 

0.00 

1.03 

9651510 

8.62 

8.62 

8.62 

650 

0.41 

3.62 

0.12 

34.31 

79.55 

0 

0.84 

7.75 

0.00 

4.49 

9657920 

7.75 

7.75 

7.75 

651 

3.14 

6.50 

0.59 

26.85 

66.64 

0 

0.9 

22.7 

0.74 

1.32 

9674640 

30.66 

26.32 

35.17 

652 

0.32 

1.01 

0.44 

6.02 

61.16 

0 

0.89 

16.13 

0.00 

6.24 

9697970 

16.13 

16.13 

16.13 

653 

0.88 

2.75 

0.11 

35.49 

76.04 

0 

0.9 

13.78 

0.30 

7.15 

9704870 

16.59 

14.95 

18.58 

654 

0.80 

5.73 

0.91 

24.05 

56.56 

0 

0.31 

25.47 

0.25 

8.47 

9714690 

27.98 

26.95 

29.26 

655 

0.33 

9.59 

3.15 

13.16 

73.40 

0 

0.87 

14.28 

0.47 

4.77 

9718880 

22.04 

19.01 

24.05 

656 

0.35 

2.43 

0.42 

8.00 

70.56 

0 

0.55 

17.92 

0.37 

4.55 

9765990 

22.65 

19.37 

25.75 

657 

1.85 

2.22 

2.96 

0.34 

12.47 

0 

1 

39.2 

0.53 

1.36 

9771350 

39.60 

39.36 

39.89 

658 

2.58 

1.90 

0.42 

3.45 

60.97 

1 

0.99 

40.97 

0.11 

1.09 

9778320 

42.52 

41.13 

44.16 

659 

1.31 

2.91 

0.15 

12.52 

59.35 

0 

0.76 

10.16 

0.90 

1.53 

9779120 

16.79 

12.31 

23.89 

660 

0.48 

6.72 

1.83 

37.51 

76.14 

0 

0.38 

16.52 

0.31 

4.41 

9812820 

20.59 

19.14 

22.04 

661 

0.61 

8.62 

1.10 

10.49 

72.79 

1 

0.73 

35.69 

0.34 

1.66 

9833840 

43.77 

37.21 

50.55 

662 

0.42 

5.26 

2.24 

4.57 

79.38 

1 

0.9 

24.43 

0.89 

3.53 

9884570 

56.01 

26.09 

118.35 

663 

2.84 

3.57 

0.34 

3.03 

71.49 

1 

0.51 

14.52 

0.63 

1.04 

9884790 

23.95 

15.58 

32.03 

664 

0.43 

1.90 

0.67 

3.26 

76.72 

0 

0.29 

13.39 

0.68 

1.83 

9892750 

23.07 

16.83 

32.06 

665 

0.83 

1.61 

2.30 

34.27 

73.50 

0 

0.84 

24.76 

0.20 

2.88 

9934690 

28.19 

26.56 

29.67 

666 

2.12 

3.22 

0.16 

21.02 

71.16 

0 

0.88 

15.85 

0.00 

3.08 

9940630 

15.85 

15.85 

15.85 

667 

2.95 

5.43 

0.56 

26.94 

75.73 

1 

0.95 

28.31 

0.00 

7.00 

9991480 

28.31 

28.31 

28.31 

668 

0.77 

3.02 

1.40 

16.03 

73.24 

0 

0.96 

38.96 

0.49 

6.16 

9993800 

52.63 

44.20 

62.95 

669 

0.52 

4.66 

2.79 

26.41 

69.51 

0 

0.95 

47.26 

0.16 

3.87 

9993870 

52.15 

50.62 

53.68 

670 

0.86 

4.96 

0.12 

26.08 

78.40 

0 

0.36 

35.55 

0.10 

1.02 

9996220 

37.59 

36.60 

38.41 

671 

0.62 

2.67 

0.39 

11.30 

60.85 

0 

0.94 

10.9 

0.00 

9.93 

10002900 

10.90 

10.90 

10.90 

672 

0.47 

7.94 

1.97 

13.29 

69.11 

0 

0.58 

17.33 

0.00 

6.23 

10008400 

17.33 

17.33 

17.33 

673 

2.52 

4.27 

1.52 

33.85 

71.00 

1 

0.85 

14.55 

0.10 

6.12 

10014400 

15.35 

15.01 

15.79 

674 

0.69 

1.23 

2.63 

23.12 

49.63 

0 

0.43 

1.87 

0.30 

6.58 

10018700 

2.13 

2.05 

2.23 

675 

0.55 

2.61 

0.71 

22.31 

74.29 

0 

0.94 

24.39 

0.78 

1.95 

10055500 

44.08 

30.10 

60.84 


© 2014 RAS, MNRAS 000,pTfT7l 


Kepler rotation hare-and-hounds 29 


676 

0.79 

2.02 

0.52 

16.99 

54.76 

0 

0.99 

40.24 

0.25 

2.15 

10056200 

44.31 

42.07 

46.81 

677 

0.96 

2.63 

0.19 

19.39 

73.11 

1 

0.77 

1.89 

0.32 

3.33 

10057100 

2.28 

2.00 

2.59 

678 

0.91 

8.52 

0.39 

29.36 

79.83 

0 

0.91 

10.04 

0.46 

7.22 

10067500 

13.07 

11.55 

14.75 

679 

0.81 

1.35 

1.47 

37.88 

78.29 

0 

0.92 

1.67 

0.94 

2.57 

10070800 

4.94 

2.38 

9.27 

680 

0.46 

1.62 

0.47 

37.90 

76.29 

0 

0.34 

10.79 

0.19 

7.51 

10080800 

12.34 

11.61 

12.98 

681 

0.34 

2.54 

2.61 

8.81 

57.74 

0 

0.75 

41.89 

0.48 

1.42 

10121000 

51.41 

45.66 

61.11 

682 

0.81 

7.24 

0.13 

39.55 

66.89 

0 

0.88 

45.59 

0.11 

1.40 

10129500 

47.74 

46.83 

48.58 

683 

0.34 

1.70 

0.45 

3.06 

68.98 

0 

0.39 

33.67 

0.72 

3.18 

10135700 

55.80 

40.93 

75.86 

684 

0.57 

4.30 

2.16 

29.89 

56.90 

0 

0.84 

18.64 

0.00 

4.33 

10136900 

18.64 

18.64 

18.64 

685 

2.39 

7.69 

0.15 

39.86 

77.05 

0 

0.47 

31.97 

0.00 

5.49 

10147500 

31.97 

31.97 

31.97 

686 

2.20 

7.11 

1.16 

35.26 

76.84 

0 

0.48 

17.02 

0.15 

3.55 

10188200 

18.50 

17.91 

19.03 

687 

2.77 

1.45 

0.36 

23.45 

55.49 

0 

0.85 

42.25 

0.19 

9.74 

10189400 

45.67 

43.97 

47.62 

688 

0.32 

8.67 

0.29 

18.44 

63.55 

0 

0.83 

12.63 

0.00 

6.71 

10213400 

12.63 

12.63 

12.63 

689 

0.33 

1.32 

0.92 

8.82 

52.94 

0 

0.5 

32.32 

0.12 

3.12 

10216000 

33.79 

32.98 

34.62 

690 

0.67 

7.44 

0.26 

35.08 

78.66 

0 

0.95 

14.79 

0.00 

2.03 

10253600 

14.79 

14.79 

14.79 

691 

0.58 

1.98 

0.10 

8.27 

71.81 

0 

0.58 

9.38 

0.00 

1.44 

10263900 

9.38 

9.38 

9.38 

692 

2.50 

2.44 

0.23 

13.49 

56.59 

1 

0.34 

10.5 

0.33 

1.58 

10265200 

12.13 

10.96 

13.29 

693 

0.57 

6.36 

0.38 

7.89 

65.68 

0 

0.3 

34.82 

0.95 

1.73 

10268100 

73.07 

47.61 

107.87 

694 

0.65 

8.55 

0.93 

38.24 

79.90 

1 

0.45 

12.27 

0.27 

7.17 

10280600 

15.04 

13.79 

16.41 

695 

1.83 

6.87 

0.26 

35.69 

74.50 

0 

0.87 

35 

0.14 

2.30 

10319100 

37.53 

36.34 

38.65 

696 

0.83 

4.75 

1.82 

15.43 

71.65 

0 

0.77 

19.89 

0.00 

4.40 

10339600 

19.89 

19.89 

19.89 

697 

1.30 

2.01 

0.64 

38.14 

52.70 

0 

0.55 

19.7 

0.21 

5.24 

10388500 

21.69 

21.01 

22.41 

698 

0.79 

7.61 

1.34 

3.62 

45.06 

0 

0.54 

23.81 

0.12 

6.05 

10395200 

24.24 

23.98 

24.55 

699 

1.54 

2.79 

0.19 

1.83 

73.99 

1 

0.21 

13.45 

0.26 

5.76 

10447500 

16.09 

14.33 

17.40 

700 

2.21 

1.34 

0.11 

17.44 

74.19 

0 

0.2 

12.53 

0.00 

3.66 

10460000 

12.53 

12.53 

12.53 

701 

1.57 

3.61 

3.10 

4.18 

47.51 

0 

0.93 

27.87 

0.67 

1.73 

10467900 

34.19 

30.38 

38.87 

702 

2.62 

8.44 

1.68 

2.74 

74.00 

0 

0.55 

29.06 

0.12 

1.66 

10468000 

31.44 

30.56 

32.28 

703 

0.41 

2.70 

1.51 

11.24 

55.17 

0 

0.86 

24.7 

0.64 

3.09 

10469000 

32.38 

27.09 

37.95 

704 

2.40 

4.11 

0.14 

11.32 

79.16 

1 

0.87 

22.29 

0.99 

1.04 

10470600 

88.08 

25.17 

236.25 

705 

1.33 

2.78 

1.05 

16.12 

71.69 

1 

0.97 

28.69 

0.00 

4.03 

10527500 

28.69 

28.69 

28.69 

706 

2.98 

2.05 

0.14 

26.18 

75.92 

0 

0.85 

22.9 

0.67 

1.74 

10534100 

38.53 

28.87 

52.00 

707 

2.57 

4.52 

1.26 

12.09 

74.08 

0 

0.53 

3.4 

0.14 

4.47 

10578900 

3.67 

3.52 

3.82 

708 

1.60 

2.07 

1.10 

24.09 

52.77 

0 

0.91 

10.09 

0.13 

4.96 

10579500 

10.60 

10.37 

10.83 

709 

1.27 

1.20 

0.76 

31.34 

49.12 

1 

0.37 

6.08 

0.10 

4.29 

10580800 

6.30 

6.25 

6.37 

710 

2.01 

2.53 

0.44 

2.42 

77.20 

0 

0.2 

40.38 

0.40 

2.38 

10581200 

54.18 

46.07 

62.05 

711 

2.07 

2.89 

0.15 

8.75 

63.76 

1 

0.98 

18.31 

0.47 

3.05 

10604000 

22.41 

18.90 

27.19 

712 

0.72 

7.64 

2.86 

35.88 

61.38 

1 

0.37 

16.17 

0.32 

5.60 

10656400 

19.20 

18.17 

20.73 

713 

1.80 

1.29 

0.21 

5.61 

77.10 

0 

0.93 

31.71 

0.43 

3.22 

10657700 

40.42 

34.43 

47.79 

714 

1.43 

7.87 

0.11 

25.51 

78.70 

0 

0.72 

25.46 

0.00 

3.24 

10670100 

25.46 

25.46 

25.46 

715 

0.78 

1.63 

0.37 

2.18 

30.14 

0 

0.8 

13.78 

0.20 

2.93 

10708700 

14.04 

13.86 

14.26 

716 

0.67 

3.21 

0.50 

34.71 

60.59 

0 

0.66 

14.5 

0.82 

1.93 

10730200 

24.63 

18.15 

32.34 

717 

0.93 

8.47 

1.31 

30.58 

69.82 

0 

0.16 

12.26 

0.00 

5.88 

10736900 

12.26 

12.26 

12.26 

718 

1.83 

3.73 

0.35 

12.82 

31.81 

0 

0.96 

22.83 

0.00 

3.59 

10779100 

22.83 

22.83 

22.83 

719 

1.49 

8.70 

0.15 

28.87 

66.65 

0 

0.97 

14.9 

0.11 

1.88 

10790400 

15.46 

15.20 

15.71 

720 

2.30 

1.37 

0.15 

21.91 

49.90 

0 

0.69 

2.27 

0.19 

4.62 

10918600 

2.44 

2.36 

2.52 

721 

0.59 

4.33 

0.86 

27.61 

78.77 

0 

0.83 

47.12 

0.29 

2.54 

11015100 

56.31 

51.02 

61.66 

722 

0.37 

9.86 

2.85 

17.15 

62.13 

0 

0.85 

40.66 

0.14 

9.46 

11030900 

42.91 

42.01 

43.76 

723 

1.58 

1.82 

3.07 

36.16 

70.38 

0 

0.68 

11.35 

0.33 

1.45 

11033400 

14.29 

13.04 

15.49 

724 

0.96 

1.37 

0.13 

2.68 

68.46 

1 

0.6 

15.56 

0.15 

2.10 

11068500 

16.78 

15.72 

17.67 

725 

0.54 

4.27 

0.18 

0.14 

56.32 

0 

0.36 

11.86 

0.47 

5.09 

11069000 

14.27 

12.61 

16.20 

726 

1.44 

6.90 

1.54 

18.92 

68.83 

0 

0.56 

18.08 

0.00 

4.58 

11081600 

18.08 

18.08 

18.08 

727 

0.58 

1.37 

0.25 

27.48 

66.82 

0 

0.89 

41.87 

0.28 

9.02 

11136100 

48.62 

45.27 

52.56 

728 

2.70 

1.19 

2.53 

38.69 

69.56 

0 

0.44 

44.47 

0.00 

2.87 

11243800 

44.47 

44.47 

44.47 

729 

0.61 

1.78 

2.19 

38.36 

64.04 

0 

1 

7.86 

0.00 

1.82 

11250100 

7.86 

7.86 

7.86 

730 

2.07 

2.63 

0.38 

22.82 

57.39 

0 

0.65 

22.55 

0.76 

5.64 

11348800 

34.38 

27.15 

43.59 

731 

0.79 

1.40 

0.30 

7.19 

66.55 

0 

0.74 

36.22 

0.65 

1.08 

11363000 

52.66 

41.16 

67.73 

732 

1.48 

2.55 

0.70 

34.90 

75.62 

1 

0.61 

24.76 

0.23 

2.94 

11450600 

29.05 

27.05 

31.21 

733 

0.41 

5.34 

1.34 

24.01 

75.24 

0 

0.96 

12.94 

0.28 

5.10 

11461100 

14.79 

13.81 

15.78 

734 

0.42 

1.57 

1.63 

4.27 

73.80 

0 

0.53 

29.92 

0.49 

1.57 

11516200 

42.25 

33.60 

50.71 

735 

2.62 

2.54 

0.22 

10.47 

50.29 

0 

0.74 

19.84 

0.94 

2.74 

11519000 

28.95 

22.57 

37.59 

736 

1.17 

2.49 

0.25 

24.82 

58.68 

0 

0.19 

22.28 

0.17 

4.36 

11558700 

24.33 

23.43 

25.22 

737 

0.47 

1.26 

2.10 

38.09 

64.04 

0 

0.69 

12.07 

0.00 

1.04 

11563900 

12.07 

12.07 

12.07 


© 2014 RAS, MNRAS 000,[iHT7l 


30 S. Aigrain et al. 


738 

0.53 

2.14 

0.45 

14.75 

79.89 

0 

0.88 

11.21 

0.13 

1.64 

11610100 

12.09 

11.60 

12.60 

739 

1.33 

1.69 

0.11 

10.17 

19.43 

1 

0.95 

42.55 

0.25 

3.44 

11724100 

43.14 

42.90 

43.51 

740 

0.34 

5.80 

1.69 

20.88 

61.86 

1 

0.41 

37.39 

0.28 

7.56 

11757800 

43.19 

39.56 

46.93 

741 

0.41 

2.38 

1.40 

5.78 

65.41 

1 

0.62 

15.13 

0.34 

7.06 

11758100 

18.10 

15.44 

20.54 

742 

0.94 

2.69 

1.41 

16.93 

70.24 

0 

0.25 

34.8 

0.74 

1.99 

11772700 

63.10 

44.13 

89.63 

743 

1.12 

1.03 

0.11 

6.02 

27.78 

0 

0.4 

9.33 

0.10 

7.88 

11819100 

9.42 

9.37 

9.47 

744 

0.60 

1.01 

0.26 

37.36 

69.69 

0 

0.77 

12.5 

0.69 

1.07 

11821000 

20.84 

15.69 

26.68 

745 

2.69 

1.28 

1.21 

26.22 

51.62 

0 

0.92 

2.49 

0.54 

5.98 

11872300 

3.12 

2.80 

3.50 

746 

0.32 

7.74 

0.84 

19.06 

56.93 

1 

0.92 

10.99 

0.00 

4.48 

11909700 

10.99 

10.99 

10.99 

747 

0.65 

7.43 

0.36 

34.99 

69.29 

0 

0.8 

26.74 

0.34 

4.72 

11974300 

30.63 

28.68 

32.12 

748 

1.76 

3.28 

2.49 

7.78 

67.33 

0 

0.83 

10.92 

0.40 

8.74 

12007800 

13.49 

12.10 

15.32 

749 

0.41 

4.34 

0.23 

6.45 

78.38 

1 

0.36 

45.48 

0.94 

3.20 

12016700 

170.03 

56.86 

363.07 

750 

2.60 

3.09 

1.31 

14.12 

56.34 

0 

0.7 

21.33 

0.38 

1.02 

12019300 

24.70 

22.78 

27.21 

751 

0.45 

8.16 

0.12 

6.52 

67.38 

0 

0.28 

4.49 

0.60 

6.86 

0 

5.61 

4.78 

6.54 

752 

1.65 

6.81 

2.01 

9.45 

65.45 

1 

0.95 

27.28 

0.28 

3.16 

0 

30.77 

27.94 

34.21 

753 

0.45 

4.54 

0.13 

4.83 

50.79 

0 

0.87 

35.6 

0.79 

4.02 

0 

43.41 

37.77 

50.72 

754 

0.78 

1.33 

1.47 

18.28 

58.62 

1 

0.88 

1.9 

0.00 

9.92 

0 

1.90 

1.90 

1.90 

755 

1.77 

2.02 

0.39 

12.00 

77.61 

0 

0.61 

11.9 

0.76 

2.03 

0 

23.37 

15.31 

33.24 

756 

2.98 

3.63 

1.90 

18.41 

73.03 

0 

0.98 

3.05 

0.17 

1.37 

0 

3.33 

3.19 

3.48 

757 

0.74 

3.27 

1.23 

2.37 

75.82 

0 

0.88 

17.88 

0.00 

2.48 

0 

17.88 

17.88 

17.88 

758 

0.86 

8.37 

0.36 

26.93 

63.38 

1 

0.75 

36.15 

0.16 

1.85 

0 

38.83 

37.41 

40.75 

759 

1.40 

5.81 

0.74 

1.49 

69.48 

0 

0.65 

15.27 

0.44 

1.33 

0 

19.87 

17.09 

23.02 

760 

0.34 

1.01 

0.93 

39.49 

73.37 

1 

0.99 

20.31 

0.34 

5.36 

0 

25.11 

23.49 

27.04 

761 

1.33 

5.61 

0.53 

1.65 

73.44 

0 

0.33 

34.81 

0.00 

2.03 

0 

34.81 

34.81 

34.81 

762 

0.41 

3.45 

1.70 

0.49 

65.78 

0 

0.82 

27.95 

0.11 

1.69 

0 

29.34 

28.39 

30.36 

763 

0.65 

3.37 

0.76 

31.53 

72.73 

0 

0.87 

1.81 

0.00 

2.55 

0 

1.81 

1.81 

1.81 

764 

1.57 

3.54 

0.25 

31.08 

78.03 

0 

0.99 

15.92 

0.00 

2.80 

0 

15.92 

15.92 

15.92 

765 

2.89 

4.35 

0.33 

9.24 

78.31 

1 

0.57 

10.75 

0.00 

7.61 

0 

10.75 

10.75 

10.75 

766 

1.05 

4.78 

0.35 

14.71 

60.46 

1 

0.62 

33.76 

0.32 

5.44 

0 

39.01 

34.88 

43.44 

767 

0.63 

9.70 

0.22 

18.11 

77.35 

0 

0.48 

19.09 

0.00 

1.49 

0 

19.09 

19.09 

19.09 

768 

0.78 

1.38 

0.72 

12.96 

69.99 

0 

0.78 

16.88 

0.42 

4.14 

0 

21.42 

18.32 

24.78 

769 

0.63 

1.57 

2.43 

30.12 

59.89 

0 

0.76 

15.69 

0.61 

1.30 

0 

22.54 

19.24 

26.59 

770 

1.09 

5.61 

1.96 

8.62 

49.88 

1 

0.43 

11.95 

0.40 

2.61 

0 

13.65 

12.23 

15.17 

771 

1.47 

1.15 

1.59 

8.75 

73.31 

0 

0.45 

10.11 

0.29 

4.30 

0 

12.14 

11.03 

13.26 

772 

1.88 

1.53 

0.55 

38.47 

75.28 

0 

0.77 

10.15 

0.20 

1.99 

0 

11.52 

10.81 

12.23 

773 

1.49 

1.65 

1.97 

28.50 

58.93 

0 

0.79 

16.61 

0.74 

5.93 

0 

25.33 

20.36 

31.04 

774 

2.03 

4.48 

0.55 

4.71 

58.85 

0 

0.4 

17.67 

0.27 

2.89 

0 

19.85 

18.50 

21.25 

775 

0.91 

6.45 

0.12 

24.99 

71.34 

0 

0.98 

17.37 

0.18 

2.11 

0 

18.50 

17.89 

19.02 

776 

0.41 

6.50 

0.16 

8.67 

49.06 

0 

0.65 

11.39 

0.00 

9.26 

0 

11.39 

11.39 

11.39 

777 

0.36 

1.08 

0.77 

7.42 

75.24 

0 

0.89 

27.29 

0.00 

5.00 

0 

27.29 

27.29 

27.29 

778 

0.35 

5.14 

2.77 

5.30 

63.58 

0 

0.7 

12.14 

0.64 

1.44 

0 

15.89 

13.48 

18.81 

779 

1.85 

1.26 

0.50 

7.44 

60.38 

0 

0.79 

22.49 

0.33 

3.02 

0 

25.62 

23.58 

28.02 

780 

0.38 

8.02 

0.25 

10.38 

50.01 

0 

0.17 

3.21 

0.00 

8.35 

0 

3.21 

3.21 

3.21 

781 

0.51 

3.00 

0.40 

37.91 

57.92 

0 

0.81 

16.51 

0.00 

9.10 

0 

16.51 

16.51 

16.51 

782 

0.47 

9.09 

0.41 

33.26 

56.35 

0 

0.54 

46.45 

0.39 

4.17 

0 

52.67 

49.74 

54.81 

783 

1.27 

2.81 

0.17 

36.07 

67.52 

0 

0.31 

21.94 

0.00 

4.74 

0 

21.94 

21.94 

21.94 

784 

2.63 

2.94 

1.06 

15.15 

59.62 

0 

0.44 

42.38 

0.31 

8.58 

0 

49.14 

45.33 

53.04 

785 

3.06 

9.23 

0.23 

17.79 

79.07 

1 

0.76 

15.97 

0.15 

4.50 

0 

17.49 

16.36 

18.56 

786 

2.77 

3.94 

0.42 

12.52 

65.52 

0 

0.96 

3.94 

0.00 

3.77 

0 

3.94 

3.94 

3.94 

787 

1.67 

4.87 

1.89 

5.53 

77.07 

0 

0.91 

13.24 

0.56 

4.37 

0 

17.72 

14.56 

21.50 

788 

1.24 

1.63 

1.91 

3.17 

75.73 

0 

0.9 

1.01 

0.96 

2.11 

0 

2.40 

1.22 

3.99 

789 

0.53 

1.86 

0.46 

17.63 

42.24 

0 

0.84 

30.12 

0.00 

6.21 

0 

30.12 

30.12 

30.12 

790 

0.35 

2.58 

0.66 

34.24 

77.12 

0 

0.69 

30.98 

0.35 

1.25 

0 

40.46 

34.65 

45.31 

791 

0.65 

2.45 

0.37 

20.25 

59.94 

0 

0.85 

12.2 

0.00 

1.57 

0 

12.20 

12.20 

12.20 

792 

1.52 

8.80 

0.43 

14.27 

47.58 

0 

0.92 

42.67 

0.26 

2.43 

0 

46.25 

44.73 

47.97 

793 

2.05 

1.29 

2.08 

36.68 

69.66 

0 

0.83 

18.49 

0.74 

1.44 

0 

33.35 

25.00 

45.52 

794 

1.95 

3.85 

0.55 

31.43 

77.55 

0 

0.81 

28.93 

0.00 

1.05 

0 

28.93 

28.93 

28.93 

795 

0.96 

5.44 

0.43 

39.13 

74.01 

1 

0.92 

18.26 

0.00 

1.64 

0 

18.26 

18.26 

18.26 

796 

0.33 

8.59 

0.80 

36.77 

61.11 

0 

0.65 

22.41 

0.00 

3.91 

0 

22.41 

22.41 

22.41 

797 

3.15 

2.56 

0.69 

20.43 

73.88 

1 

0.97 

12.06 

0.27 

1.69 

0 

13.87 

12.63 

15.42 

798 

0.42 

4.77 

0.41 

28.23 

79.56 

0 

0.98 

5.07 

0.62 

3.72 

0 

8.27 

6.49 

10.72 

799 

0.85 

9.62 

1.07 

35.68 

69.02 

1 

0.73 

16.87 

0.00 

7.42 

0 

16.87 

16.87 

16.87 


© 2014 RAS, MNRAS 000,pTfT7l 


Kepler rotation hare-and-hounds 31 


800 

1.63 

2.61 

0.13 

24.05 

70.45 

0 

0.42 

8.07 

0.00 

2.61 

0 

8.07 

8.07 

8.07 

801 

0.54 

1.70 

0.14 

7.19 

77.53 

0 

0.97 

14.35 

0.00 

2.56 

0 

14.35 

14.35 

14.35 

802 

0.38 

2.88 

0.52 

28.03 

66.91 

0 

0.8 

1.85 

0.23 

1.19 

0 

2.08 

1.95 

2.20 

803 

0.41 

5.50 

2.07 

22.67 

63.18 

0 

0.58 

28.19 

0.46 

1.95 

0 

37.07 

33.44 

40.87 

804 

1.65 

1.19 

0.32 

1.71 

68.27 

0 

0.72 

14.58 

0.20 

1.84 

0 

15.91 

15.01 

16.94 

805 

1.03 

5.76 

0.17 

25.32 

76.96 

0 

0.32 

29.5 

0.63 

1.73 

0 

44.55 

36.36 

53.14 

806 

0.43 

1.19 

1.29 

32.38 

71.43 

0 

0.95 

13.77 

0.00 

2.66 

0 

13.77 

13.77 

13.77 

807 

2.32 

5.51 

1.06 

1.88 

53.66 

0 

0.32 

18.15 

0.00 

7.53 

0 

18.15 

18.15 

18.15 

808 

3.04 

5.00 

0.25 

34.42 

73.35 

1 

0.34 

21.76 

0.26 

1.39 

0 

25.86 

23.91 

28.05 

809 

0.49 

1.60 

1.07 

3.37 

54.52 

0 

0.76 

11.62 

0.00 

2.18 

0 

11.62 

11.62 

11.62 

810 

0.97 

3.25 

0.67 

12.58 

52.05 

0 

0.9 

5.32 

0.22 

2.83 

0 

5.71 

5.49 

5.95 

811 

1.75 

7.60 

0.84 

11.16 

74.57 

0 

0.7 

26.65 

0.44 

5.20 

0 

30.71 

28.08 

33.66 

812 

0.46 

2.26 

0.15 

28.76 

65.82 

1 

0.42 

26.06 

0.00 

6.98 

0 

26.06 

26.06 

26.06 

813 

0.41 

7.56 

2.86 

29.94 

68.29 

0 

0.41 

18.43 

0.53 

5.08 

0 

29.45 

26.15 

32.99 

814 

1.09 

5.56 

0.31 

3.08 

58.98 

0 

0.82 

29.38 

0.20 

2.19 

0 

30.66 

29.74 

31.68 

815 

1.36 

4.47 

1.12 

9.90 

75.20 

0 

0.92 

19.13 

0.00 

4.70 

0 

19.13 

19.13 

19.13 

816 

0.48 

3.33 

0.37 

17.27 

76.97 

0 

0.79 

37.67 

0.54 

1.68 

0 

54.07 

43.22 

68.93 

817 

0.41 

5.44 

2.35 

29.54 

63.36 

0 

0.88 

11.18 

0.47 

1.53 

0 

14.95 

13.43 

16.55 

818 

2.34 

1.42 

0.95 

19.50 

61.68 

0 

0.5 

11.77 

0.25 

1.33 

0 

13.36 

12.56 

14.19 

819 

1.35 

3.53 

0.16 

35.68 

72.77 

0 

0.73 

17.33 

0.18 

3.70 

0 

19.33 

18.28 

20.37 

820 

0.38 

7.03 

0.14 

11.14 

76.91 

0 

0.8 

10.53 

0.45 

2.97 

0 

13.95 

11.77 

16.38 

821 

1.04 

2.22 

0.68 

16.32 

79.45 

0 

0.82 

10.55 

0.55 

3.04 

0 

16.22 

12.53 

20.32 

822 

1.80 

3.94 

0.97 

5.17 

61.72 

0 

0.97 

48.19 

0.10 

6.64 

0 

49.93 

48.78 

51.18 

823 

0.33 

3.57 

0.46 

35.96 

71.52 

0 

0.18 

12.13 

0.00 

5.07 

0 

12.13 

12.13 

12.13 

824 

0.33 

3.00 

0.15 

11.82 

76.43 

0 

0.61 

1.29 

0.88 

3.10 

0 

3.22 

1.62 

4.79 

825 

1.22 

4.98 

0.82 

35.27 

70.96 

0 

0.39 

21.73 

0.00 

4.91 

0 

21.73 

21.73 

21.73 

826 

0.88 

3.78 

2.57 

13.72 

39.98 

1 

0.84 

16.68 

0.38 

1.50 

0 

18.00 

17.11 

19.19 

827 

1.15 

2.70 

0.32 

36.14 

72.29 

0 

0.71 

15.27 

0.20 

2.27 

0 

17.43 

16.41 

18.38 

828 

0.67 

6.58 

2.99 

6.64 

65.65 

0 

0.81 

31.73 

0.00 

4.49 

0 

31.73 

31.73 

31.73 

829 

0.44 

1.07 

1.29 

34.68 

79.76 

0 

0.97 

11.27 

0.93 

3.94 

0 

29.77 

16.23 

52.34 

830 

0.39 

1.02 

0.33 

3.45 

55.95 

0 

0.76 

11.16 

0.00 

1.59 

0 

11.16 

11.16 

11.16 

831 

1.47 

1.01 

0.17 

34.71 

78.46 

1 

0.46 

13.61 

0.90 

2.86 

0 

42.23 

21.20 

79.17 

832 

0.88 

2.74 

0.11 

2.57 

75.86 

0 

1 

12.8 

0.00 

8.79 

0 

12.80 

12.80 

12.80 

833 

0.33 

1.73 

2.94 

25.28 

78.00 

0 

0.81 

31.66 

0.00 

2.17 

0 

31.66 

31.66 

31.66 

834 

1.74 

3.45 

0.77 

6.92 

54.55 

0 

0.68 

26.24 

0.00 

7.34 

0 

26.24 

26.24 

26.24 

835 

0.85 

6.06 

0.25 

2.25 

70.56 

0 

0.85 

1.12 

0.20 

3.14 

0 

1.20 

1.14 

1.26 

836 

2.70 

6.71 

0.39 

1.61 

76.45 

1 

0.58 

13.42 

0.49 

1.71 

0 

19.43 

14.17 

24.22 

837 

0.92 

1.60 

1.95 

1.28 

71.86 

0 

0.64 

13.07 

0.58 

9.49 

0 

18.97 

14.59 

23.90 

838 

3.08 

6.55 

0.23 

22.45 

65.82 

0 

0.18 

23.83 

0.10 

6.31 

0 

25.22 

24.69 

25.76 

839 

2.31 

1.27 

0.11 

35.19 

67.26 

0 

0.63 

29.01 

0.58 

7.59 

0 

43.33 

35.81 

52.30 

840 

1.78 

1.06 

0.13 

5.74 

50.63 

0 

0.49 

13.93 

0.28 

1.41 

0 

15.21 

14.37 

16.11 

841 

0.63 

1.48 

2.16 

19.97 

67.46 

0 

0.58 

29.38 

0.00 

5.44 

0 

29.38 

29.38 

29.38 

842 

2.41 

2.85 

2.03 

19.92 

48.39 

1 

0.99 

8.17 

0.00 

9.98 

0 

8.17 

8.17 

8.17 

843 

1.84 

1.94 

0.59 

0.18 

51.27 

0 

0.53 

42.09 

0.24 

4.27 

0 

44.96 

42.93 

47.34 

844 

0.77 

9.68 

0.42 

34.68 

53.21 

0 

0.85 

31.62 

0.36 

4.48 

0 

36.46 

33.18 

40.35 

845 

3.06 

8.64 

1.85 

10.02 

72.12 

0 

0.86 

26.65 

0.00 

8.15 

0 

26.65 

26.65 

26.65 

846 

1.73 

8.26 

0.51 

37.79 

79.15 

0 

0.89 

37.31 

0.94 

1.66 

0 

139.41 

76.48 

259.16 

847 

0.73 

2.93 

0.85 

9.42 

70.73 

1 

0.55 

14.59 

0.80 

1.28 

0 

30.12 

16.59 

46.72 

848 

0.34 

1.78 

0.19 

15.11 

69.61 

0 

0.94 

41.53 

0.85 

4.12 

0 

73.90 

49.80 

105.60 

849 

0.53 

8.10 

1.65 

1.19 

77.00 

0 

0.79 

12.31 

0.26 

1.09 

0 

13.34 

12.61 

14.12 

850 

0.62 

3.56 

1.98 

29.88 

70.43 

0 

0.53 

42.35 

0.12 

8.51 

0 

45.61 

44.46 

46.80 

851 

0.49 

7.68 

0.53 

17.10 

67.70 

0 

0.7 

16.19 

0.00 

7.33 

0 

16.19 

16.19 

16.19 

852 

0.90 

1.30 

2.13 

31.82 

76.81 

0 

0.51 

44.07 

0.11 

7.14 

0 

47.63 

46.22 

48.87 

853 

1.78 

3.22 

0.26 

7.24 

44.68 

0 

0.42 

41.21 

0.00 

3.11 

0 

41.21 

41.21 

41.21 

854 

2.51 

8.54 

2.04 

0.15 

71.55 

0 

0.79 

20.58 

0.75 

8.42 

0 

32.20 

24.99 

42.06 

855 

1.45 

3.16 

0.34 

13.88 

65.70 

0 

0.69 

1.24 

0.00 

5.11 

0 

1.24 

1.24 

1.24 

856 

1.04 

4.38 

0.13 

25.26 

77.06 

0 

0.89 

25.8 

0.24 

3.35 

0 

29.68 

27.54 

32.02 

857 

0.71 

1.93 

2.95 

26.69 

66.04 

0 

0.92 

11.91 

0.00 

6.49 

0 

11.91 

11.91 

11.91 

858 

0.69 

3.76 

0.19 

11.36 

72.11 

0 

0.97 

25.39 

0.00 

2.98 

0 

25.39 

25.39 

25.39 

859 

1.29 

7.47 

0.30 

39.69 

72.24 

0 

0.93 

19.85 

0.16 

1.68 

0 

21.09 

20.57 

21.54 

860 

0.91 

1.53 

0.28 

17.19 

76.49 

0 

0.63 

16.18 

0.00 

2.78 

0 

16.18 

16.18 

16.18 

861 

1.07 

2.39 

0.10 

15.50 

61.65 

0 

0.83 

10.54 

0.00 

1.88 

0 

10.54 

10.54 

10.54 


© 2014 RAS, MNRAS 000,[iHT7l 


32 S. Aigrain et al. 


862 

0.40 

4.77 

0.27 

32.99 

75.88 

0 

0.58 

10.85 

0.18 

2.99 

0 

11.96 

11.26 

12.46 

863 

0.37 

7.97 

0.82 

12.34 

68.49 

0 

0.95 

26.29 

0.93 

2.78 

0 

35.59 

29.13 

41.81 

864 

0.92 

6.29 

0.16 

4.03 

69.69 

0 

0.25 

14.95 

0.32 

3.86 

0 

16.54 

15.49 

17.57 

865 

1.25 

1.09 

0.36 

34.32 

79.43 

0 

0.69 

11.84 

0.99 

1.01 

0 

51.69 

18.04 

103.51 

866 

0.74 

3.72 

0.29 

14.83 

72.38 

0 

0.63 

17.52 

0.00 

1.96 

0 

17.52 

17.52 

17.52 

867 

0.77 

1.76 

0.42 

6.94 

61.87 

1 

0.48 

39.15 

0.00 

1.24 

0 

39.15 

39.15 

39.15 

868 

0.61 

2.11 

1.32 

20.61 

65.86 

0 

0.86 

35.98 

0.50 

6.77 

0 

47.65 

40.99 

55.54 

869 

0.32 

1.18 

0.19 

28.98 

68.88 

0 

0.62 

18.6 

0.00 

3.84 

0 

18.60 

18.60 

18.60 

870 

1.04 

1.09 

3.15 

38.80 

73.08 

1 

0.53 

13.06 

0.00 

1.39 

0 

13.06 

13.06 

13.06 

871 

1.35 

5.20 

0.21 

21.74 

47.64 

0 

0.57 

43.9 

0.54 

1.33 

0 

53.42 

48.79 

58.68 

872 

1.59 

9.88 

1.74 

24.59 

63.19 

1 

0.29 

18.73 

0.16 

5.12 

0 

20.38 

19.49 

21.31 

873 

0.51 

1.44 

0.58 

0.14 

48.80 

0 

0.57 

6.87 

0.00 

4.61 

0 

6.87 

6.87 

6.87 

874 

3.11 

5.51 

1.54 

4.37 

73.53 

1 

0.51 

31.24 

0.20 

7.01 

0 

35.19 

31.99 

37.70 

875 

0.36 

9.34 

0.13 

10.44 

77.98 

0 

0.92 

41 

0.22 

1.84 

0 

44.18 

42.08 

46.03 

876 

0.45 

2.75 

0.11 

21.37 

69.98 

0 

0.85 

30.06 

0.00 

6.24 

0 

30.06 

30.06 

30.06 

877 

0.58 

6.68 

0.47 

14.01 

57.86 

0 

0.63 

20.33 

0.00 

6.91 

0 

20.33 

20.33 

20.33 

878 

0.53 

3.42 

0.78 

30.41 

74.94 

0 

0.75 

20.45 

0.41 

7.52 

0 

26.90 

22.94 

30.64 

879 

2.22 

6.46 

1.09 

32.13 

71.79 

0 

0.82 

19.45 

0.00 

2.13 

0 

19.45 

19.45 

19.45 

880 

2.14 

3.08 

0.87 

35.42 

75.22 

0 

0.92 

10.98 

0.16 

1.36 

0 

12.07 

11.54 

12.61 

881 

1.11 

8.31 

0.61 

15.44 

74.36 

0 

0.54 

19.74 

0.18 

3.63 

0 

21.26 

20.39 

22.05 

882 

2.57 

2.23 

0.67 

18.40 

71.61 

0 

0.55 

10.18 

0.95 

4.76 

0 

27.38 

14.42 

46.29 

883 

1.38 

6.30 

2.59 

32.20 

71.78 

0 

0.98 

23.06 

0.59 

5.65 

0 

37.25 

31.72 

43.70 

884 

0.69 

9.20 

0.39 

17.43 

72.42 

0 

0.81 

10.16 

0.24 

1.16 

0 

11.87 

11.14 

12.50 

885 

2.07 

1.25 

2.65 

28.26 

52.52 

0 

0.26 

22.94 

0.28 

4.96 

0 

26.24 

25.15 

27.39 

886 

0.42 

6.37 

1.81 

1.00 

66.19 

0 

0.59 

17.33 

0.16 

4.54 

0 

18.46 

17.67 

19.23 

887 

0.48 

4.40 

0.87 

9.84 

66.76 

0 

0.5 

10.44 

0.00 

1.34 

0 

10.44 

10.44 

10.44 

888 

0.40 

4.25 

0.28 

39.24 

78.72 

0 

0.86 

16.6 

0.16 

6.79 

0 

18.37 

17.53 

19.24 

889 

1.27 

2.59 

0.16 

4.09 

48.87 

0 

0.16 

32.04 

0.00 

7.25 

0 

32.04 

32.04 

32.04 

890 

0.44 

1.87 

0.15 

9.08 

41.42 

1 

0.84 

6.44 

0.60 

4.50 

0 

7.34 

6.67 

8.25 

891 

0.75 

1.54 

1.41 

2.54 

61.46 

0 

0.99 

10.86 

0.16 

1.12 

0 

11.47 

11.04 

11.97 

892 

0.44 

2.39 

0.25 

36.90 

50.66 

0 

0.95 

8.56 

0.00 

6.44 

0 

8.56 

8.56 

8.56 

893 

0.61 

1.45 

0.56 

35.23 

64.95 

0 

0.54 

36.51 

0.00 

2.81 

0 

36.51 

36.51 

36.51 

894 

0.83 

3.26 

0.24 

35.59 

67.86 

1 

0.26 

10 

0.11 

1.96 

0 

10.65 

10.41 

10.94 

895 

3.08 

7.54 

0.10 

27.49 

67.25 

1 

0.27 

37.65 

0.00 

1.27 

0 

37.65 

37.65 

37.65 

896 

0.79 

3.28 

0.41 

23.32 

72.75 

0 

0.69 

12.87 

0.11 

2.23 

0 

13.72 

13.28 

14.17 

897 

0.97 

1.54 

0.18 

23.84 

78.73 

1 

0.48 

12.71 

0.00 

1.04 

0 

12.71 

12.71 

12.71 

898 

1.46 

1.27 

1.41 

22.52 

53.55 

0 

0.5 

10.73 

0.12 

5.75 

0 

11.31 

11.03 

11.57 

899 

0.69 

4.83 

0.34 

20.00 

77.07 

0 

0.66 

13.66 

0.87 

1.22 

0 

32.32 

19.23 

49.87 

900 

0.54 

4.60 

0.15 

7.07 

65.77 

0 

0.75 

16.48 

0.36 

8.04 

0 

18.85 

17.24 

20.47 

901 

1.81 

2.11 

1.55 

21.10 

73.36 

0 

0.58 

22.38 

0.86 

1.75 

0 

53.48 

30.84 

85.24 

902 

0.35 

8.30 

0.12 

4.62 

55.77 

1 

0.88 

15.78 

0.00 

3.94 

0 

15.78 

15.78 

15.78 

903 

1.30 

2.15 

1.16 

4.00 

73.14 

0 

0.85 

8.03 

0.00 

6.97 

0 

8.03 

8.03 

8.03 

904 

0.64 

6.51 

0.36 

26.03 

79.52 

0 

0.54 

12.96 

0.12 

3.48 

0 

13.86 

13.42 

14.27 

905 

0.48 

8.55 

0.30 

0.49 

61.88 

0 

0.42 

42.21 

0.11 

1.12 

0 

43.42 

42.37 

45.76 

906 

0.89 

2.08 

2.64 

31.65 

66.56 

0 

0.89 

48.27 

0.39 

1.00 

0 

60.86 

54.97 

68.21 

907 

0.35 

2.33 

1.08 

15.13 

57.37 

0 

0.84 

17.55 

0.45 

3.16 

0 

21.25 

19.14 

23.87 

908 

0.92 

4.14 

0.12 

33.15 

79.78 

0 

0.2 

17.23 

0.20 

3.13 

0 

19.81 

18.56 

20.96 

909 

0.40 

2.64 

0.19 

37.06 

65.57 

0 

0.79 

5.89 

0.15 

4.13 

0 

6.41 

6.15 

6.66 

910 

0.32 

4.42 

2.92 

36.34 

76.79 

0 

0.25 

1.47 

0.11 

4.70 

0 

1.58 

1.55 

1.62 

911 

2.19 

2.47 

0.45 

3.22 

63.01 

0 

1 

34.63 

0.63 

1.29 

0 

46.87 

37.72 

58.33 

912 

0.38 

1.03 

1.46 

26.80 

63.62 

0 

0.72 

47.59 

0.00 

1.88 

0 

47.59 

47.59 

47.59 

913 

3.10 

9.58 

0.26 

25.88 

63.59 

0 

0.63 

11.48 

0.00 

1.04 

0 

11.48 

11.48 

11.48 

914 

0.32 

2.97 

0.16 

30.41 

77.59 

1 

0.18 

20.05 

0.52 

9.06 

0 

31.26 

24.73 

37.87 

915 

0.32 

4.66 

0.56 

15.00 

63.86 

0 

0.79 

20.42 

0.82 

3.53 

0 

30.26 

23.60 

38.35 

916 

0.50 

9.65 

0.27 

4.71 

66.30 

0 

0.64 

45.37 

1.00 

6.93 

0 

59.40 

48.71 

69.66 

917 

1.20 

1.14 

1.51 

1.09 

65.72 

0 

0.78 

35.32 

0.00 

1.18 

0 

35.32 

35.32 

35.32 

918 

0.55 

4.57 

0.34 

17.56 

75.23 

1 

0.57 

14.72 

0.31 

2.04 

0 

18.04 

15.53 

20.32 

919 

3.11 

1.67 

1.20 

31.15 

70.56 

1 

0.87 

18.28 

0.00 

6.28 

0 

18.28 

18.28 

18.28 

920 

0.43 

6.99 

0.39 

15.97 

70.89 

0 

0.58 

29.51 

0.17 

1.20 

0 

31.58 

30.32 

34.26 

921 

2.45 

1.23 

1.81 

22.63 

60.28 

0 

0.59 

21.9 

0.14 

1.58 

0 

23.46 

22.72 

24.19 

922 

1.18 

4.55 

0.21 

25.76 

70.81 

0 

0.95 

23.79 

0.33 

7.79 

0 

28.22 

25.76 

30.82 

923 

0.75 

1.57 

0.49 

5.37 

63.12 

1 

0.7 

5.56 

0.34 

5.40 

0 

6.51 

5.73 

7.38 


© 2014 RAS, MNRAS 000,[iHT7l 


Kepler rotation hare-and-hounds 33 


924 

1.23 

3.20 

0.39 

10.50 

66.60 

0 

0.25 

28.2 

0.11 

3.69 

0 

29.91 

28.94 

30.82 

925 

0.92 

3.15 

0.82 

7.34 

78.66 

0 

0.8 

31.13 

0.61 

4.03 

0 

48.35 

35.32 

66.17 

926 

1.90 

3.96 

0.16 

6.28 

78.58 

0 

0.71 

11.15 

0.00 

6.49 

0 

11.15 

11.15 

11.15 

927 

0.55 

3.57 

0.18 

18.88 

59.15 

0 

0.71 

36.3 

0.17 

9.28 

0 

38.95 

37.73 

40.33 

928 

0.89 

3.54 

0.23 

10.92 

79.39 

1 

0.65 

23.61 

0.00 

1.60 

0 

23.61 

23.61 

23.61 

929 

1.81 

1.48 

0.14 

18.96 

67.11 

0 

0.47 

49.77 

0.86 

1.53 

0 

100.53 

64.13 

147.06 

930 

1.89 

1.31 

0.12 

26.56 

74.95 

1 

0.63 

7.64 

0.00 

7.82 

0 

7.64 

7.64 

7.64 

931 

0.43 

1.37 

0.10 

2.22 

60.96 

0 

0.45 

14.15 

0.00 

2.89 

0 

14.15 

14.15 

14.15 

932 

1.44 

4.89 

1.96 

33.14 

65.01 

0 

0.53 

18.96 

0.00 

7.51 

0 

18.96 

18.96 

18.96 

933 

1.19 

5.03 

0.10 

14.23 

68.55 

0 

0.91 

49.15 

0.16 

4.64 

0 

51.84 

50.30 

53.43 

934 

0.83 

5.51 

0.32 

21.77 

48.47 

0 

0.81 

17.64 

0.00 

2.92 

0 

17.64 

17.64 

17.64 

935 

1.19 

1.39 

0.15 

17.16 

76.82 

0 

0.76 

12.48 

0.12 

1.06 

0 

13.41 

12.93 

13.85 

936 

0.54 

1.18 

0.27 

11.70 

77.55 

0 

0.91 

49.86 

0.97 

5.51 

0 

123.04 

62.55 

222.41 

937 

1.47 

4.28 

0.31 

9.22 

37.96 

0 

0.2 

20.37 

0.35 

2.24 

0 

21.79 

21.04 

22.64 

938 

0.35 

1.47 

0.17 

16.10 

79.52 

0 

0.57 

19 

0.15 

1.73 

0 

20.91 

19.87 

21.79 

939 

1.61 

7.28 

2.65 

6.66 

62.75 

0 

0.27 

13.4 

0.00 

7.84 

0 

13.40 

13.40 

13.40 

940 

2.50 

7.96 

0.16 

11.35 

66.81 

1 

0.4 

13.97 

0.27 

2.38 

0 

16.29 

14.58 

17.75 

941 

2.90 

2.90 

0.55 

32.24 

58.19 

0 

0.62 

3.39 

0.99 

4.79 

0 

6.58 

4.49 

9.23 

942 

0.45 

4.48 

0.13 

29.53 

76.65 

0 

0.69 

43.65 

0.12 

2.44 

0 

46.99 

45.40 

48.42 

943 

0.32 

2.63 

0.36 

36.24 

74.25 

0 

0.62 

32.67 

0.82 

1.08 

0 

79.40 

46.05 

116.89 

944 

0.36 

2.95 

0.14 

13.79 

61.85 

0 

0.54 

5.51 

0.40 

4.04 

0 

6.72 

5.95 

7.57 

945 

1.81 

1.15 

2.14 

34.17 

52.90 

0 

0.62 

29.67 

0.35 

9.34 

0 

35.14 

33.10 

37.30 

946 

0.69 

1.43 

0.19 

7.40 

34.23 

0 

0.71 

29.11 

0.87 

9.57 

0 

33.59 

30.56 

37.29 

947 

2.54 

1.89 

1.02 

30.72 

77.76 

1 

0.82 

11.24 

0.00 

2.11 

0 

11.24 

11.24 

11.24 

948 

0.50 

2.83 

2.50 

28.49 

48.61 

0 

0.69 

17.97 

0.30 

5.26 

0 

20.30 

19.48 

21.32 

949 

1.39 

6.49 

0.16 

29.66 

72.23 

0 

0.42 

34.84 

0.13 

1.53 

0 

38.09 

37.04 

39.17 

950 

0.42 

1.73 

1.65 

12.87 

79.84 

0 

0.53 

23.45 

0.20 

5.76 

0 

27.02 

25.38 

28.55 

951 

2.89 

5.35 

0.17 

18.57 

74.56 

1 

0.87 

13.67 

0.10 

7.44 

0 

14.39 

13.86 

15.01 

952 

0.88 

8.31 

1.10 

9.00 

55.61 

0 

0.49 

39.05 

0.56 

2.30 

0 

53.12 

47.33 

60.66 

953 

0.93 

7.16 

0.66 

22.17 

61.00 

0 

0.61 

12.51 

0.00 

1.52 

0 

12.51 

12.51 

12.51 

954 

1.98 

6.56 

0.12 

1.85 

79.87 

1 

0.72 

15.61 

0.00 

3.81 

0 

15.61 

15.61 

15.61 

955 

0.36 

2.30 

1.97 

19.36 

59.02 

0 

0.83 

14.62 

0.61 

2.32 

0 

19.80 

17.11 

23.24 

956 

1.11 

9.33 

0.89 

39.36 

71.37 

0 

0.79 

20.2 

0.79 

1.54 

0 

27.83 

23.68 

29.54 

957 

0.59 

8.46 

0.57 

32.62 

60.61 

0 

0.91 

5.8 

0.70 

2.26 

0 

7.45 

6.45 

10.02 

958 

0.80 

1.12 

1.65 

2.42 

12.83 

0 

0.67 

28.92 

0.39 

1.55 

0 

29.17 

29.04 

29.29 

959 

0.39 

2.11 

0.19 

20.84 

56.82 

0 

0.66 

11.22 

0.27 

3.78 

0 

12.70 

12.06 

13.56 

960 

0.53 

3.34 

0.53 

19.74 

78.43 

0 

0.9 

11 

0.00 

7.77 

0 

11.00 

11.00 

11.00 

961 

0.39 

1.42 

2.10 

5.45 

62.32 

0 

0.44 

22.59 

0.23 

1.37 

0 

25.21 

23.59 

26.88 

962 

0.50 

1.25 

0.45 

5.78 

39.19 

0 

0.89 

8.29 

0.00 

1.77 

0 

8.29 

8.29 

8.29 

963 

0.65 

5.25 

1.53 

19.93 

47.01 

0 

0.79 

11.45 

0.21 

7.09 

0 

12.18 

11.89 

12.54 

964 

0.48 

1.38 

0.76 

30.87 

71.05 

0 

0.39 

20.92 

0.00 

1.11 

0 

20.92 

20.92 

20.92 

965 

0.35 

1.31 

0.76 

0.72 

25.14 

0 

0.22 

1.14 

0.27 

3.14 

0 

1.17 

1.15 

1.18 

966 

0.48 

1.84 

0.11 

21.09 

55.09 

0 

0.88 

32.69 

0.00 

1.39 

0 

32.69 

32.69 

32.69 

967 

0.97 

2.25 

0.72 

27.84 

52.24 

0 

0.56 

21.54 

0.56 

4.26 

0 

28.14 

25.16 

31.18 

968 

2.51 

1.83 

0.24 

16.13 

39.56 

1 

0.62 

21.3 

0.22 

3.35 

0 

22.23 

21.72 

22.93 

969 

0.74 

7.75 

0.19 

32.32 

76.91 

0 

0.6 

19.33 

0.15 

6.45 

0 

21.53 

20.85 

22.28 

970 

1.25 

7.39 

0.20 

8.46 

73.51 

0 

0.6 

24.41 

0.21 

9.64 

0 

26.24 

24.85 

29.53 

971 

0.96 

2.80 

2.01 

11.71 

68.44 

0 

0.83 

24.68 

0.74 

6.46 

0 

39.68 

29.24 

54.77 

972 

0.38 

4.28 

0.13 

24.16 

66.23 

0 

0.68 

15.56 

0.00 

1.76 

0 

15.56 

15.56 

15.56 

973 

0.32 

1.43 

2.88 

9.37 

37.53 

0 

0.41 

40.85 

0.14 

2.07 

0 

42.11 

41.59 

42.64 

974 

1.44 

1.14 

2.26 

8.35 

47.76 

0 

0.93 

7.93 

0.70 

2.12 

0 

10.05 

8.82 

11.46 

975 

3.06 

1.38 

1.00 

4.95 

57.55 

0 

0.97 

41.38 

0.57 

3.37 

0 

51.83 

44.40 

61.04 

976 

2.69 

7.00 

0.21 

38.80 

79.93 

0 

0.4 

27.3 

0.24 

3.56 

0 

33.06 

31.45 

34.73 

977 

2.54 

6.91 

0.15 

34.24 

63.03 

0 

0.83 

23.9 

0.24 

4.16 

0 

27.52 

26.37 

28.82 

978 

0.51 

5.58 

0.67 

1.05 

74.36 

0 

0.46 

48.12 

0.00 

2.79 

0 

48.12 

48.12 

48.12 

979 

1.14 

6.82 

2.36 

3.36 

74.15 

1 

0.7 

49.45 

0.00 

6.67 

0 

49.45 

49.45 

49.45 

980 

1.09 

2.40 

0.22 

25.68 

66.42 

0 

0.85 

31.34 

0.17 

1.29 

0 

34.38 

32.97 

35.83 

981 

0.51 

2.04 

0.14 

12.12 

52.77 

0 

0.57 

8.09 

0.00 

1.77 

0 

8.09 

8.09 

8.09 

982 

0.42 

7.17 

0.13 

16.86 

57.16 

0 

0.97 

39.46 

0.40 

1.26 

0 

48.14 

44.72 

52.29 

983 

0.46 

8.93 

0.35 

24.35 

79.74 

0 

0.55 

32.43 

0.00 

2.63 

0 

32.43 

32.43 

32.43 

984 

1.03 

4.70 

0.48 

30.58 

79.10 

0 

0.7 

36.33 

0.00 

6.40 

0 

36.33 

36.33 

36.33 

985 

0.48 

2.70 

1.70 

36.28 

73.06 

0 

0.86 

2.5 

0.00 

5.07 

0 

2.50 

2.50 

2.50 


© 2014 RAS, MNRAS 000,[iHT7l 


34 S. Aigrain et al. 


986 

1.28 

2.57 

2.88 

12.97 

45.02 

1 

0.97 

15.72 

0.00 

1.58 

0 

15.72 

15.72 

15.72 

987 

1.66 

8.35 

0.33 

28.20 

78.23 

1 

0.89 

31.32 

0.27 

2.21 

0 

36.73 

33.39 

41.00 

988 

1.02 

8.36 

0.34 

35.39 

64.79 

1 

0.32 

12.04 

0.30 

6.13 

0 

14.23 

13.34 

15.44 

989 

0.34 

3.10 

0.20 

28.66 

62.90 

0 

0.92 

47.16 

0.00 

1.13 

0 

47.16 

47.16 

47.16 

990 

0.60 

1.02 

0.10 

7.08 

63.06 

0 

0.65 

21.52 

0.28 

9.47 

0 

24.41 

22.54 

26.33 

991 

0.78 

2.35 

1.62 

21.50 

52.01 

0 

0.12 

46.32 

0.35 

6.77 

0 

54.01 

50.32 

57.81 

992 

1.12 

7.40 

0.45 

36.87 

75.02 

1 

0.62 

11.32 

0.50 

6.55 

0 

16.51 

13.82 

20.11 

993 

0.40 

1.38 

0.54 

27.30 

68.89 

0 

0.43 

49.16 

0.00 

2.43 

0 

49.16 

49.16 

49.16 

994 

1.38 

4.29 

0.80 

24.53 

70.61 

0 

0.37 

25.71 

0.00 

2.73 

0 

25.71 

25.71 

25.71 

995 

0.99 

1.27 

0.43 

36.61 

72.40 

0 

0.67 

26.97 

0.32 

8.91 

0 

33.69 

30.39 

36.58 

996 

2.15 

3.74 

1.45 

14.62 

79.67 

0 

0.61 

32.58 

0.00 

1.11 

0 

32.58 

32.58 

32.58 

997 

2.22 

1.01 

0.85 

16.46 

49.05 

0 

0.66 

5.72 

0.00 

3.76 

0 

5.72 

5.72 

5.72 

998 

2.74 

8.03 

0.31 

18.49 

68.46 

0 

0.85 

34.44 

0.17 

2.92 

0 

38.13 

36.86 

39.44 

999 

0.56 

6.75 

0.11 

26.48 

68.71 

1 

0.87 

20.54 

0.62 

4.63 

0 

29.81 

23.95 

39.71 

1000 

2.23 

2.08 

0.36 

10.49 

73.85 

0 

0.85 

36.26 

0.00 

1.89 

0 

36.26 

36.26 

36.26 


© 2014 RAS, MNRAS 000,[iHT7l 


